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ENVIRONMENTAL  IMPACT  ANALYSIS REPORT 

Date: March 13, 1981 

Name of  appl  icant/peti t ioner:  American Feed Manufacturers  Association 

Address: 1701 N. F t .  Myer Drive 
Arlington,  Virginia 22209 

Environmental information: 

Proposed Action 

I t  i s  proposed t h a t  supplemental  selenium, i n  the form of sodium se l en i t e   o r  

sodium selenate ,  be added t o  duck feeds a t  levels u p  t o  0.1 ppm on a complete  feed 

or total   ration  basis.   This  practice i s  identical  with  that  currently  permitted by 

8 573.920 - Selenium, w i t h  respect   to  growing chickens,  swine,  sheep, d a i r y  c a t t l e ,  

a n d  beef c a t t l e .  

a .  Purpose - The purpose  of the proposed action i s  to   insure  duck d i e t s   a r e  

fully  adequate i n  this essent ia l  n u t r i e n t ,  and thereby  prevent  selenium  de- 

f i c i  ency probl ems. 

b .  Environment affected - Environments t h a t  theoretically  could be affected 

are  feed  mills ,  duck f eed ing   f ac i l i t i e s ,  and land and water  exposed t o  duck 

wastes.  (See ( 2 )  below) 

2 .  Probable  Impact on the Environment 

In view of  the  fact  selenium i s  a natural   consti tuent  of  soils,   water,   plants,  

a n d  animal t issues ,   p lus   the minimal amount of selenium tha t   wi l l  be involved and the 

very low concentrations found i n  feed and  in'duck  wastes, no impact i s  expected on the 

environment. The following comments i l l u s t r a t e   t h e  basis of this b e l i e f .  

The U.S. duck industry's  average annual  production i s  approximately  16-18  million. 

Feed consumption. i s  reported  to  range from 2.65-3.00 pounds of  feed  per pound of l i v e  

weight g a i n .  Ducks a r e  marketed a t  weights of 5 t o  7 pounds,  probably  averaging  about 



'J 6 pounds. Total  feed  consumption is  calculated  (6 x 3 x 18   mi l l i on )   t o  be 162,000 
2000 

tons. 

Fortifying  every  ton o f  feed w i t h  the maximum 90.8  milligrams o f  selenium 

will require 32.4 pounds of  selenium. This i s  equivalent  to 72 pounds o f  sodium 

seleni te   containing 45% selenium. 

Total U.S. use  of  selenium i s  estimated  to be about 618 metric  tons,  based on 

U . S .  Bureau of Mines f igures   for  1978.  Domestic production  represented  about 209 

metric  tons, w i t h  the  balance  of  the 408 metric  tons supplied by imports. AFMA has 

previously  estimated a use  of  5.8  metric  tons  of  selenium  for  non-ruminants  (inclu- 

d i n g  layers  - 1972) and 16.8  metric  tons  for  ruminants  (1976),  for a t o t a l  of 22.6 

metric  tons. The e f f e c t ,  i f  any,  of an additional  32.4 pounds of  selenium  for ducks 

will be ins igni f icant  i n  a n  overall  sense. 

a .  Adverse and Beneficial  Effects - The r e l a t i v e l y  small amount o f  selenium 

involved,  estimated  to be 32.4 pounds, makes an evaluation  of any  environmental 

e f f e c t   d i f f i c u l t .  Assuming the same pr inc ip les   u t i l i zed  i n  the   analysis  pre- 

sented i n  AFMA's 1972 report  on non-ruminants, and the  subsequent  conclusions, 

any ef fec ts  would  be increased by only 0.0025%. This would a l so  be true of 

the Agency's re la ted impact  statement  published i n  1974. 

If  total  estimated  feed  use  of  selenium is  considered,  32.4 pounds repre- 

sen ts  a 0.00065% increase. 

Rather  than  repeat  the  discussions  contained  therein,  reference i s  made t o  

the  environmental  reports  submitted by AFMA i n  1972 and 1976, and the  environ- 

mental  statement  of 1974 prepared and p u b l i s h e d  by the Agency. 

b .  Measures t o  Avoid or  Mitigate Adverse  Environmental Effects - No measures, 

other  t h a n  good manufacturing  practices  (premixes and feeds) ,  good animal hus- 

bandry pract ices ,  and good  agronomy practices  (wastes),   are  contemplated as be- 

i n g  necessary. 

c .  Environmental  Impact on Selenium  Manufacturing - Since sel'enium i s  a by- 

product of copper  refining, and domestic  production  meets  only a t h i r d  o f   to ta l  
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needs,  there is  no e f f ec t  on domestic  production. Any increase i n  selenium 

use must be met by foreign  production. The amount involved  precludes any 

measurable  impact on t h a t  production. 

3 .  Probable  Unavoidable  Adverse  Environmental  Effects 

None believed t o  e x i s t .  

4 .  A1 ternat ives  t o  Proposed Action. 

Alternat ives   to  feed  supplementation have been discussed i n  detai l   in  AFMA's 

reports of 1972 and  1976, and i n  FDA's statement of 1974. Reference i s  made t o  these 

discussions which concluded  feed  supplementation was the most feas ib le  means of sup- 

plying  supplemental  selenium. 

5. Relationship between Use of the Environment and  Long Term Productivity. 

Reference i s  made t o  th i s   sec t ion  i n  the 1972 and  1976 reports ,  and the 1974 

statement. We are  n o t  aware o f  any information t h a t  would change these  statements. 

6 .  Commitment of Resources. 

Reference i s  made t o  this  section  in  the 1972 and 1976 reports ,  and the 1974 

statement. We a re  n o t  aware o f  the  information t h a t  would change these  statements. 

Objections of Other  Agencies,  Organizations, or Individuals. 

We are  n o t  aware of  environmental  type  objections on the par t  of other  agencies, 

i za t ions ,  or individuals t o  the  use of  selenium a t  nutr i t ional   levels  i n  animal 

Proposed ac t ion   re la t ive  t o  publication of an  environmental  statement. 

The information  presented  in  this  environmental  report documents the minimal 

amount of selenium t h a t  will be involved  in  supplementing duck feeds and the   fac t  

no environmental  impact  can be expected.  Thus, we bel ieve  there   is  no need for  an 

environmental  statement.  Should  the Agency decide a statement  should be prepared, 

we believe  these same facts  support  approva l  o f  the  requested a c t i o n  without t y i n g  

same t o  the  publication  of  either a d r a f t  or final  statement. 
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,. 9.  Risk-benefit  Analysis 

We believe  the  extensive  review  of  possible risk factors  covered i n  t h e  1972 

a n d  1976 AFMA reports ,   the  1974 FDA statement, and a recent  review by FDA connected 

w i t h  AFMA's pe t i t ion  f o r  l ayers ,  more than  adequately documents a conclusion o f  no 

risk connected w i t h  supplementing  animal  feeds w i t h  selenium. The benefits  of 

animal d i e t s  t h a t  a re   fu l ly   adequate  i n  selenium have a l so  been documented. The 

benefi ts   to  ducks - and the  detriments  connected w i t h  deficiency - a r e   i l l u s t r a t e d  

i n  the  'research  reports  contained i n  AFMA's petition  for  approval  of  supplemental 

selenium i n  duck feeds. 

The cost   of   for t i fying a ton  of  complete  feed  with  90.8  milligrams  of  selenium 

averages,  according t o  an  industry source, a b o u t  6 cents.  The benefi ts   are  improved 

animal health and productivity  as shown i n  the  research  reports  contained i n  AFMA's 

pe t i t ion .  

E .  Cer t i f ica t ion :  The undersigned  applicant/peti t ioner  certif ies  the  information 

furnished i n  t h i s  Environmental  Impact  Analysis  Report i s   t rue ,   accu ra t e ,  a n d  com- 

plete   to   the  best  of his knowledge. 

March 13, 1981 

Lee H- 
Vice Presi  ent 



Ju ly  26, 1972 

D r .  C.D. Van Houweling, Director 
Bureau  of  Veterinary  Medicine, FDA 
Parblawn  Building 
Rockville, Maryland 20852 

Dear Dr. Van Houweling: 

1725  K STREET. N. W. 
W A S H I N B T O N .  D. C. 20006 
T C L E P U O N L :  2 0 2 .  296 -1790  

/ 

With reference  to our phone conversation on Monday of t h i s  week, please /--- 

find  enclosed  an  &viromenta1 Impact Analysis  Report  pertaining  to  our 
food addi t ive   pe t i t ion  for selenium  supplementation  of  animal  feeds. 
This  Report is  f i l e d  under the  provisions  of  the  proposed  regulations on 
environmental  impact  considerations  published  in  the  Federal  Register  of . 
July  12, 1972. Its contents  can  be  sumarized  with  the  statement  there 
w i l l  be no s igni f icant  impact on the endironment r e s u l t i n g  from the 
supplementation  of  animal  feeds  with  selenium as proposed in   our   pet i t ion.  

OUT p e t i t i o n  dates from March 9, 1970. We have  previously  supplied a l l  
requested  information and made agreed-upon  changes t o   t h e   p e t i t i o n   i t s e l f .  
With the  submission  of  this  Report, we are supplying  infonnation  under 
proposed regulations  published  as  such  only  this month. We believe we 
have,  indeed, gone the  extra  mile. We have wil l ingly done so in   the  
i n t e r e s t s  of  animal  agriculture and  consumers of  food of animal  origin. 

There is  no question  that  selenium is  an  essential  element  for  animals, 
tha t   there  ir  a def ic iency  in  a substant ia l   por t ion of the U.S., tha t  
the  only  feasible means of remedying this   def ic iency is t o  supplement 
feeds  with  minute amount8 of sodium ae len i t e   o r  sodium selenate  as pro- 
posed,  and that said  supplementation w i l l  benefit   animal  health and 
prevent  needless  mortality. We believe i t  self-evident  that   healthy 
animele  nourished on a d i e t   t h a t  is adequate i n  a l l  nutr i t ional   aspects  
a r e  a superior,  more economical  source  of food for  humans. 

With respect t o  safe ty ,  this goes hand i n  hand with  basic ,nutr i t ion.  
The safest   procedure  of which we are aware to   insure  good animal  health 
is to  provide  the  required amounts of & essent ia l   nu t r ien ts .   In  
par t icu lar ,  we know of no question  based on fact  concerning  the  safety 
of rupplementing  feeds  with  minute amounts of sodium s e l e n i t e   o r  sodium 
selenate .  
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WhiIe supplementing  feeds w i l l  have no s ign i f i can t  impact  on the 
environment, it w i l l  have a s ign i f i can t   pos i t i ve  impact on animal 
health.  An impact i n  keeping  with  the  spir i t   of   the  Food, Drug, and 
Cosmetic  Act. With the  increasing problems of selenium  deficiencies 
i n  animals, i t  is imperative our pe t i t i on  be  approved as  quickly as 
poeslble,  

s incere  1 y / ’  

Feed Control and Nutrit ion 

LKB /ms g 
Enclosure 



ENVIRONMFSJTAL PIPACT ANALYSIS REPORT 

Date:  July  26, 1972 

Name of Applicant: American Peed  Manufacturers Association, Inc. 

Address: 1725 K Street ,  N.W. 
Washington, D.C. 20006 

- Note: New address on August 1, 1972 w i l l  be -- 
1701 N. F t .  m e r  Drive 
Arlington,  Virginia 22209 
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Impact Analysis  Report is f i l e d   i n  accordance w i t h  the 
Environmental Impact Considerations,   Tit le 21,  Chapter 

This  Environmental 
;) posed new Part 6 - 

published in   the  Federal  Register of July 12, 1972. 

pro- 
1, 

The Report  pertains  to a p e t i t i o n  of the American Feed Manufacturers  Associa- 
' t ion  originally  submitted  on March 9 ,  1970, amended on December 21, 1970,  and 
subsequently amended and f i l e d . a s  a food addi t ive   pe t i t ion  on May 12,  1971. 

1. Describe  the Proposed  Action: 

The American Feed Manufacturers  Association has f i l e d  a pet i t ion  request ing 
feed  manufacturers  be  permitted  to add selenium, from sodium s e l e n i t e   o r  sodium 
selnate ,   to   feeds  to  meet the  nutri t ional  requirements of chickens,  turkeys, 
and swine  for  this  essential   element.  With respec t   to   ch ickens ,   th i s   pe t i t ion  
has been interpreted as applicable  to  chickens  to 16 weeks of  age. 

The leve l  of s e l e n i m  added normally w i l l  not exceed 0.1 ppm in  feeds  for  
chickens and swine and 0.2 ppm i n  feeds  for  turkeys.  These are the maximum 
levels   or iginal ly   requested i n  the AFMA pet i t ion.  An amendment agreed upon 
with  the Food and Drug Administration  revised  these  figures  to a t o t a l   b a s i s  
(natural  plue  added) maximum of 0.25 ppm and 0.35 ppm, respectively.  

2, Discuss  the  Probable Impact of  the  Action on the Environment. 
(Including  primary and secondary  consequences) : 

Selenium  deficiency symptoms i n  animals  have become  more prevalent  during  the 
past  10 years ,   ind ica t ing   e i ther  a decrease  in  the  dietary  intake  or a need 
f o r  a greater  concentration in t he   d i e t  of  the  animals. The proposed food 
additive  regulation  anticipates  the  addition  of  selenium from  sodium s e l e n i t e  
or sodium selenate   to   feeds  to  supply. adequate amounts of t h i s  essential 
nu t r i en t   i n   t he   d i e t s  of turkeys,  chickens, and swine.  Since i t  would be 
added t o  feed  for  animals  rather  than  directly  to  the  environment,  there would 
be no d i r e c t  o r  primary  impact upon the  environment. 

The addition  of  selenium  to  the  ration may, however, r e su l t   i n   an   i nc rease   i n  
the  selenium  level  excreted by the  animals  receiving  the  supplemental  selenium, 
It is emphasized,  however, t ha t   t he  .proposed  supplementatton is designed t o  
bring  the  level  of  selenium  in  the  ration up to   that   required as an  essent ia l  
nutrient  for  the  species  involved. It does not  anticipate  the  addition  of 
selenium a t  levels  higher  than  those  necessary  to  insure  an  adequate amount of 
th i s   essent ia l   nu t r ien t ,   nor  a t  levels  higher  than  occur  naturally  in many 
areas of the  country. 

While laying  chickens are not  conaidered  included  in  the  present AFMA pet i t ion ,  
information is being  developed to   subs tan t ia te  an  appropriate  future  peti t ion.  
Consequently,  layere  have  been  included in the  considerations  covered in t h i s  
and other   sect ions.  

The l eve l   o f   s e l en im added t o   t h e   s o i l  from feces and urine would be  in- 
s ign i f icant .  The following  calculatione  are based on assumptions  which are 
known t o  be  extreme. The ac tua l  impact upon the environment would be even 
lese  than is presented  here. The asrmptions  are:  
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, (a) Assume t h a t   a l l  of the added 
’\ ium i s  an essential   nutrient 
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selenium is excreted by t h e  animal.  (Selen- 
and, therefore, some is retained by the 

animal  to meet its biochemical  requirement.) 

(b) Assume that five  tons  of  dry matter from manure (feces and urine combined) 
per  acre i s  applied  to  the  soil.  This i s  the  highest  practical rate of 
application. Normal rates of application  are lower. 

(c) Assume that none of the selenium  leaches from the  soi l .  (Selenium corn- 
pounds a re  water  soluble and, therefore, a cer ta in  amount  would leach 
from the  soil  although  the  quantity is not known.) 

(d) Assume that 402 of the  dietary dry matter is excreted  as manure. 

The highest  level of  supplemental  selenium  permitted on a practical   basis by 
this   pet i t ion would be  0.2 ppn i n  turkey  rations.  If a l l  of t h i s  were passed 
into  the manure with 402 of the  dietary  matter  excreted,  the  level  of  selen- 
ium in  the manure  from 0.2 ppm added selenium would be 0.5 ppm selenium on a 
dry matter  basis. Converted to  a ton  basis, a ton of dry  turkey manure would 
contain 0.4545 grams selenium from the added selenium. The application of 5 * 

tons of dry  turkey manure per  acre would  add only 2.27 grams selenium  per  acre. 

In normal farming practices,  the manure  would  be  worked into  the  top 6 inches 
of s o i l .  The t o p  6 inches  of s o i l  per acre weighs 2,000,000 pounds (1) or 
909,000 kilograms.  Therefore, 2.27 grams increase  in  selenium  per 909,000 
kilograms is equivalent  to  an  increase i n  selenium  content of 0.0025 ppm from 
the 5 tons of turkey manure. 

The pet i t ion would provide for  practical  addition of up to  0.1 ppm added 
relenium for chicken and swine ratione. This is 1/2 the amount used for 
turkeys.  Therefore, 5 tons of d r y  manure from chickens and swine would supply 
1.136 gram  per  acre  or 0.0012 ppm. 

Single  application of 900 grama selenium  per acre from sodim  se len i te  have 
been added without  detrimental  effects  to sheep  fed  forages grown  on the treat- 
ed  s o i l  (2). Sheep are  known to be among the most sensit ive animals t o  
selenium. 

Stated  an6ther way, the annual  addition of 2.27 grams selenium  per acre would 
require 396 years  to  equal  the 900 grams per  acre  selenium  addition  referred 
t o  above, assuming that a l l  the  selenium is accumulated in Ithe top 6 inches 
of s o i l .  

Since  soils  in many areas of the United States   are   def ic ient   in  selenium, and 
since  the manure is applied  to  the  soil  i n  the  area in which the  animals  are 
grown, the  effect ,   i f  any, of the  addition of the  small amounts of relenium 
would be beneficial  to  the animal consuming the  forages and grains grown on 
these  aoi ls ,  

Reference ha8 been made previously in  this  discussion  to an assmption that 
none of the  selenium i s  leached from the s o i l ,  and that  information is not 
available  concerning  the  mount of selenium which may be  leached from the 

.. 



e .  

. .  
-3 - 

':) 
manure applied  to  the  soil.  However, for  the purposes.  of the  following d i s -  
cussion, we sha l l  assume t h a t   a l l  of the  selenium from the manure is leached 
from' the   so i l  and would, therefore,  find i t s  way into  the watervays  of  the 
United Stat-. The actual   fact  ir  ramewhert between these two extremes. 

The  are. of the United Stater which w i l l  require  selenium supplements- 
tian due to  deficient  levels in grains 8nd feedstuffs comprises the  Eastern 
United States  and W e s t  Coast area  of  California, Oregon, and Washington. The 
Eastern United States is  defined  as the area  East  of  the  western  borders of 
the  following  states: Minnesota, Iowa, Missouri,  Arkansas, and Louisiana. 
Of the  s ta tes  in the above described  deficient  areas,  California has the low- 
e s t  mean annual r a in fa l l  of 24 inches (3). For the purposes of this   dis-  
cussion, we are   a lso assuming the  addition of  5 tons  of dry manure per  acre 
contributing  the same levels of selenium  per  acre  referred  to above (i.e., 
2.27  grams  from turkey manure  and 1.136 grams  from chicken and swine manure). 
Twenty-four inches of r a in fa l l  would be equivalent  to 2,467,051 kilogram 
water  per  acre.  Therefore, i f  the amount of selenium added by 5  tons of dry 
turkey manure (2.27 grams) is assumed to  be  totally leached  out of the  soi l  
by the 24 inches of r a in fa l l  (2,467,051 kilograms) th i s  would give a  selenium 
concentration of 0.00092 ppm in  the water. 

Using the same figures  for  chickens and swine, manure  from these  species 
would contribute  half  the  level  or 0,00046 ppm selenium in  the water. 

: 

There i s  an insufficient  quantity of manure produced by a l l  of the  chickens, 
turkeys, and swine in  the  Eastern United States and Pacific Coast areas  to 
apply 5 tons  to each acre of land in fa-.  The t o t a l  manure production of 
turkeys,  chickens, and swine in  the  Eastern United States and Pacific Coast 
area is given in Table 1. The to t a l  manure produced annually would be 
1,418,839  tons for  turkeys and 22,793,205 tons  for  chickens and swine com- 
bined. I f  t h i s  were spread a t  a r a t e  of 5  tons  per acre,  then  the  turkey 
manure  would cover 283,768 acres  or 0.05577. of the  land i n  farms in the  East- 
e m  United States and Pacific Coast  regions (509,815,551 acres)  (4). The 
number of acres  to which chicken and swine manure could be added a t   t h e   r a t e  
of 5 tons  per  acre i s  4,558,641 acres  or 0.89599, of the land in farms. 

The animal  population in  the  areas  .in which selenium.supplemrentation i r  re- 
quired is  given by species in Table 2 with  the  level of se len im which would 
be consurded a t  the proposed added selenirnn levels  of 0.2 ppm for  turkeys and 
0.1 ppm for chickens and mine. The combined to t a l   s e l en im consumption for 
a l l  species grown in  the  Eastern United States and Pacific@ Coast areas is 
5,815,780 grams. Assuming a l l  of  the  animals  in  these  areas were given 
supplemental se len im,   th i s  would be  the total   possible selenium which could 
be added back to  the land  through the manure. 

If the  total  mount  of possible  selenim  prerent  in  the manure (5,815,780 
grams) is spread  over  the  entire land area  in farms in   the same area of the 
United States (4) (509,815,551 acres),  the amount of  selenium added per acre 
per  year would  be  0.0114  grams. This would  add  0.000012 Ppm selenium to  the 
top 6 inches  of  soil. 



-. 
) The earth's crust is calculated  to  contain.0.09 ppm selenium ( 5 ) .  The addi- 

t ion of 0.000012 ppm selenium to   t he   so i l  through the manure from the  supple- 
mentaiion of poultry and swine rations would  amount to  only 0.0133% of the 
selenium  present in  the  earth's  cruet  for  that  area. 

Soils in areas where selenium  'deficiency  diseases  occur  are  reported t o  con- 
t a in  0.04 ppm relenium or less and areas of moderate selenium  content where 
selenium  deficiency  diseases do not occur contain 0.5 ppm to 5.0 ppm (6). The ; 

addition of 0.000012'ppm selenium to  soil   containing low selenium  levels (0.04 
ppm) would only  increase  the selenirnn  content 0.03%.  Adding  0.000012 ppm t o  
the  soils  containing  the lower limit of selenium for moderate selenium con- 
ten t   so i l s  (0.5 ppm) would increase  the selenium  content 0.0024%. 

The  maximum effect  on the  water  as a resu l t  of t o t a l  leaching  out of the 
selenium from the manure by an  annual r a in fa l l  of 24 inches would be insig- 
nificant.  We have used 24 inches r a in fa l l  because th i s  is the  lowest mean 
annual r a in fa l l  of any s t a t e   i n  which supplementation is necessary  (3). 
Other r ta tes  have higher  annual  rainfall. Using 2,457,051  kilograms  water 
per  acre from the 24 inches  of r a in fa l l  and  0.0114  grams selenium added per 
acre on farm land,  the  water  concentration of selenium would be 0.00000462 . 
ppm.  The average  concentration of selenidn  for  the  waters of the  entire 
area would be lower than this  since  the average r a in fa l l  i s  greater  than 24 
inches  annually and  would be  further  diluted wi th  water from land which is 
not  in farms. 

The United States Department of Health has established 0.01 ppm selenium  as 
a safe upper limit for human water  supplies (7). The selenium  content of sea 
water has been calculated  to be 0.00009 ppm based upon analyses  rerults from 
the  Atlantic,  Pacific,  Bntarctic Oceans, Long Island Sound  and the  Carib- 
bean (8). Thio indicates that the maximum level of se len im leached out of 
the   so i l  from returning manure containing added selenium from  sodium seleni te  
or  sodium selenate would be insignificant. It would be safe  for  both humans 
and aquat ic   l i fe  even a t  the maximum possible  levels. 
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* .  . * "Annual  consumption of added selenium a t  proposed added l e v e l s  by spec ie s  
\ 

. ,>I for the  Eastern U. S. L/ and Pac i f i c  Coast arcas. 

Turkey  Growing 21 

Turkey Breeders ;/ 

Laying Hens 21 

Pul le t  Replacements 21 

Broiler Chickens 

Hogs, Growing - 2/ 
sows g1 

TOTAL - 

FEED  CONS^^ 
PER ANIMAL 

Lbs . 
65.0 

150.0 

80.0 

15.0 

9.0 

600.0 

2,300.0 

IN AREA 

1000's 
101,353.0 

3,375.0 

285,520.0 

285,5?.0.0 

2,741,614.0 

80,6!)5.4 

5,978.2 
t 

I 

SUPPLENEIZTAL 
SE LEVEL 

opm 
0.20 

0.20 

0.10 

0.10 

0.10 

0.10 

0.10 

TOTAL SELENIUM 
CONSUMED 

45,567.5  

1,036,L37.6 

194,439.1 

1,118,578.5 

2,198,131.8 

624,:!43.6 

5,815,i89.8 

- 11 Includes all s tates   east  of the western  borders of Hinnesota, Iowa, Hissouri, 
Arkansas, Louisfana, and the  states  of California,  Oregon  and Washington. 

- 21 See  footnote Q/) Table 1. 
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' ,  3. Discuss  the  Probable  Adverse  Environmental  Effects .Which Cannot  be Avoided: 
/! 

Based upon the  discuseion in paragraph 2 above, no adverse  environmental 
e f fec ts  are anticipated.  

4. Give Alternatives to   t he  Proposed  Action: 

There is no known feas ib le  alternative for  adding  inorganic  selenium as a 
source   o f   th i s   essent ia l   nu t r ien t  in  t h e   d i e t  of  animals. 

An apparent  al ternative would be  the  use  of  natural  feed  ingredients  produced 
in   a r eas  of the  country where the  selenium  content of ingredients  exceeds 
the  dietary  requirement  of  animals. These,  however, a re   no t   the  major grain 
producing  areas. The total   supply  of  ingredients from these areas is in- 
su f f i c i en t   t o  meet the  nutr i t ional   requirements   in  a l l  areas  of  the  United 
S tates . 
There is no knovn natural   ingredient   that   provides  a concentrated  source  of 
biologically  available  selenium. 

Therefore,  there is no s u i t a b l e   a l t e r n a t i v e   t o  supplementing  feeds  for 
chickens,  turkeys, and swine  with sodium se l en i t e   o r  sodium selenate  as 
proposed in   the  food addi t ive   pe t i t ion .  

5 .  Describe  the  Relationship Between Local  Short Term Uses of  Environmental  and 
Maintenance and Enhancement of LonK-Term Productivity. 

There would be no long-term  detrimental  effects on the  environment of supple- 
menting  animal  rations  with  selenium  due  to  the  very low l e v e l  of addition 
t o   t h e   s o i l  of  selenium from  manure. Assuming, as discussed i n  Section 2 
(pg 4),the  application  of 0.000012 ppm annually, i t  would require: 

(a) 75 years  to  change  the  selenium  content of the farmland in   t he  
affected area by 17. when so i l   conta ins  0.09 ppm selenium (1). 

(b) 33 years  for a 17. change i n  low selenium soi ls   containing 0.04 ppm (2). 

(c) 416 years  for a 1 X  change in   so i l s   conta in ing  moderate  seleniun  levels 
(0.5'PPd (2) * 

It ir  8 vel l -es tabl ished  fact  that selenirnn a8 sodium seleriite is water 
soluble and would not  be accrnnulated in the   so i l .  

(1) Xitchel l ,  R.L. 1964, Trace Elements i n   So i l s ,  Chemistry of Soi l .  Second 
Edition - Page 322, Reinholt  Publishing Company, N.Y., N.Y. 

(2) Allaway, N.H., 1968, Control  of  the  kviromnental Levels of Selenium. 
Proceeding  of  the  University of Missouri - 2nd Annual Conference on 
Trace  Substances in Phvironmental  Health Pages 181-206. 
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The long-tern  beneficial   effects  can be more readi ly   postulated  r ince  the 
selenium w i l l  be  added t o   r a t i o n s  In areas whore s o i l s  are def ic ient .  The 
addition  of  selenium  to  these  soils would he lp   to  minimize s o i l   d e p l e t i o n  
occurring  through  intensive  farming and natural   leaching  of selenim from 
t h e   s o i l .  The incidence of selenium  deficiency  diseases ha8 become pro- 
gressively more severe and  widespread I n  poultry,  swine, cattle and  rheep. 
Unless dietary  supplementation of selenium is I n i t i a t e d ,  a reduction in 
animal  production  can be expected  due to  death and morbidity. This would 
in tu rn   resu l t   In  a decrease in animal  protein in the  human d i e t  as well  as 
reducing  the  selenium  content of that d i e t .  This could  be  expected to  r e s u l t  
in similar  selgnium  deficiency  diseases  developfag  in  the htrman population 
unless  supplementation is i n i t i a t e d .  

Describe Any I r revers ib le  and I r re t re ivable  Comnitment of Resources: 

Based on the  usage level of this   feed  addi t ive  there  would be no I t rever -  
s ib l e   o r   I r r e t r e ivab le  comnitment of   as tura l  rerource!u. 

Selenium i s  obtained from mined ore  a6 a by-product of the  copper  smelting 
process. The use of eeleni~ii i i ,salts   in  animal  feedo  further  distributee  the 
selenium and eventually  returns i t  to   the  ear th 's   crust ,  ar dlscussed In 
paragraph 2.  The amounts of selenium added to  t h e   e o i l  (as manure l s  rpread) 
or  to  stream and ground water (as relenfum i r  subsequently  leached from the 
s o i l )  would be no more than  the  natural  selenium  present in t h e   e o i l  OT water 
of areas in the  United  States where  selenirrm i s  present a t  normal levels. 

a 

Discuss  the  Objections  Raised by Other  Agencien.  OrRanizations or Individuals: 

We know of no agencies,  organizatlona  or  individuals who have  questioned  the 
e f f e c t  on the  environment  of  the  use of selenium a t  nutr i t ional   level8 in  
feeds  for  chickens,  turkeys and swine. 

If Proposed  Action  Should  be Taken P r io r   t o  90 Days from the  Circulation  of a 
Draft  Environmental  Impact Statement o r  30 Days from the  Fil ing  of A Final  
Ehvironmental  Impact  Statement,  Explain why: 

The information  presented i n   t h i s  environmental impact analysis   report  docu- 
ments that   there  is  no major e f f e c t  upon the  enviroument  and,  hence no need 
f o r  an  environmental  impact  statement. 

A c r i t i ca l   s i t ua t ion   p re sen t ly   ex i s t s   i n   i den t i f i ed  areas of  the  United 
S ta tes  which a re   de f i c i en t   i n   s e l en im.  An increasing number of cauea of 
selenium  deficiency are being  dkgnoxed by competent  veterkrarfans. It is  
estimated  that 259, of the  turkeys are affected by selenium  deficiency, show- 
ing up t o  a 10% higher  mortali ty t o  4 weeke of age. Fifty  percent  of  the 
turkeys show impaired  growth and feed  conversion  with  additional 10SSe8 in 
reduced  grade and increased  feed  coste. 

I t  is estimated t h a t  5% of the   b ro i le rs   a re   a f fec ted   to   the   ex ten t  of showing 
3% higher mortal i ty  t o  4 weeks of age. Twenty-five  percent show impaired 
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,I growth and feed  conversion. The estimated  annual  loss  to  broiler  producers 
i s  over $15,000,000. 

It is  estimated  that  59. of  the  replacement  pullets are af fec ted   to   the  
extent  of ahowing 39, higher   mortal i ty   to  6 weeks of  age, 10% of the   laying 
hens show reduced egg production and impaired  feed  conversion. The 
estimated  lose  to  the  poultry and egg producers is  almost $7 million. 

See  the  a t tached  report   ent i t led "Fxonumic Significance  of  Selenium  Defi- 
ciency  in  Poultry Feeds" f o r  a more detailed  study. The  number of  birds 
used in t h i s  economic comparison i s  less  than  noted  in  Section 2 of   th i s  
report   s ince it  is recognized  that a l l  birds  in the  selenium  deficient 
geographic  areas  are  not  equally  affected. The economic evaluation  considers 
minimum numbers of  animals  affected  while  the  environmental  evaluation is 
based on maximum numbers of  animals  that  might  receive  supplemental  selenium. 

In  view  of  the need for  selenium  supplementation  of  feeds and the   fac t   there  
is  no s igni f icant  impact on the  environment,  the  proposed  food  additive 
regulation  should go i n t o   e f f e c t  as quickly as possible. 
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ECONOMIC SIGNIFICA i OF SELENIUM DEFICIENCY IN POli !Y FEEDS 
* I  e.. 

.. 

) Agricultural statist ics (USDA 1970) show approximately 65% of the laying hens, 

55% oT the broilers and 50% of the turkeys are produced i n  "selenium 

deficient"  states (Table 1). These percentages have  been  used in subsequent 

calculations t o  estimate numbers o f  birds affected by selenium deficient 

diets . 
Selenium deficiency has  been diagnosed w i t h  increasing frequency i n  both 

chicken and turkey operations over the past five years. No natural feed 

ingredients have  been found t o  contribute adequate levels of selenium t o  

provide an economical solution t o  this nutrient deficiency which now has 

widespread  geographic  occurence. 

Selenium deficiency has been  diagnosed i n  comnercial poultry  flocks i n  which 

the assayed  selenium content of the ration was above the reported nutr i t ional  

requirement. This indicates an accentuation of the requirement  under 

stress conditions or perhaps low a v a i l a b i l i t y  of the selenium i n  natural 

ingredients. I t  is believed t h a t  marginal levels of selenium i n  feeds cause 

impaired  performance of many poultry flocks i n  which no visible symptoms 

are observed. 

Economic losses t o  poultry producers attributed t o  lack of approval for 

addi t ion  of inorganic selenium t o  feeds may originate from: 
I 

1.  Mortality, reduced  weight gafns, impaired feedconversion, loss of 

egg production and other  losses  affecting  quality of the birds t o  

be marketed. 

2. Higher feed ingredient  costs to increase natural selenium levels. 

The following assumptions and estimates of economic losses  represent an 

appraslal by .the  sclentlfic staff of a natlonal feed  manufacturer of the 

economic  impact of selenium deficiency on the chicken and turkey Industries. 
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.~ - Turkeys 

\ 

J 

Assumptions: The following calculations are based on 57.5 million 

turkeys  being produced i n  1972 i n  selenium deficient 

areas : 

- 25% of turkeys are affected  to the extent of-showing 

10% higher  mortality t o  four weeks of age 

- 5% less grade A turkeys i n  affected flocks showing 

mortal I ty  

- 50% of turkeys show impaired growth and feed conversion 

(5% on growth and 3% on feed conversion) 
I - Above losses i n  addi t ion  to  increased ingredient costs 

of $l.OO/ton i n  attempt t o  alleviate  deficiencies. 

Economic Losses : 

Mortal i ty: 0.25 x 57,500,000 x 0.10 = 1,437,500 mortalities 
@$O. 80/ turkey = $1,150,000 

Reduced Grade: 57,500,000 x 0.25 x 0.05 x 18 x $0.05 = $ 646,875 
(no. birds)(% affected)(%grade(Wt.  (loss/ 

loss) birds)  lb.) 

Impaired Growth & 
Feed Conversion 57,500,000 .x 0.50 x 18 (av. wt.) - 517,500,000 lbx. 

turkey produced 5% loss of weight = 0.05 x 
517,500,000 = 25,875,000 @ 23 cents/lb. = $5,951,250 

3% loss i n  feed conversion - 0.03 k 517,500,000 
x 3.3  (av.  feed conv.) = 51,232,500 lbs. feed 
@ 4 cents/lb. = $2,049,300 

Added Feed Cost: 57,500,000 turkeys @ 60 lbs /b i rd  = ,*#&m, 
= 1,725,000 tons Q $l.OO/ton - $1,725,000 

Total Annual Loss t o  Turkey Producers $11,522,425 

Broi 1 ers 

Assumptions: The following calculations are  based on 1.5 b i l l i o n  broilers 

being produced i n  1972 i n  selenium deficient areas. 
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--I - 5% of broilers are affected to the extent of showing 3% 

higher mortality t o  four weeks of age 

- 25% of broi lers  show impaired growth and feed onversion 

(3% on growth and 2% on feed conversion) 

- Above losses t n  addition t o  increased ingredient costs of 

$l.OO/ton in attempt t o  alleviate deficienc-!es 

Economic Losses : 

Mortal i ty  : 0.05 x 1 ,500,0~,000 x 0.03 2,250,000 
mortalities @ 0.30/bird - $ 675,000 

Impaired Growth & 
Feed Conversion : 1,500,000,000 X 0.25 X 3.7 * 1,387,500,- 

000 1 bs broiler meat 

3% loss of weight - 0.03 x 1,387,500,000 = 
41,625,000 @ 15 cents/lb.= $6,243,750 

2% loss i n  feed conversion - 0.02 x 
1,387,500,oOO x 2.2 (av. fd. conv.) = 
61,050,000 lbs. feed @ 4.5 cents/lb =$2,747,250 

Added Feed Cost: 1.5 b i l l i o n  birds x 8 lbs /b i rds  = 
~ ~ , ~ ~ o , ~ ~ ~ o ~ ~  1bs. - 6,000,000 tons 

@ $1 .OO / t on  = $6,000,000 
$15,666,000 

2,000 

.Total Annual Loss t o  Broiler Producers 

Pullets and Hens 

Assumptions : The following calculations are based on 20Qp00,OOO 

pullets and hens on feed i n  1972 selenium deficient 

areas 

- 5% o f  replacement pullets are affected t o  the extent 

of showing 3% higher mortality t o  six weeks  of age 

- 10% o f  the laying hens show reduced egg production and 

impaired conversion (3% less eggs and 2% higher feed 

conversion. 



* 
-14- 

' .  

.. 

''Y - Above losses i n  addi t ion  t o  increased ingredient costs 
..I 

of $1 .OO per ton  on 20% of feed ' for pullets and hens, 

Economic Losses : 

Mortal i ty : 

Impaired Egg 
Production a 
Feed Conversion: 

Added Feed Cost : 

0.05 x 200,000,000 x 0.03 = 300,000 mortalities 
@ $0.50/bird = $ 150,000 

0.10 x 200,000,000 = 20,000,000 hens affected 
0.03 x 20 (dozen eggs/hen) = 0.6 dozen/hen 
0.6 x 20,000,000 = 12,000,000 dozen @ $0,30/ 
dozen = $3,6OO,OOO 

20,000,000 hens x 20 dozen/hen x 4.0 1 bs. 
fed/dozen = 1,600,000,000 lbs. feed x 0.02 
= 32,000,000 lbs. @ 3.5 cents/lb. $1,120,000 

0.20 x 200,000,000 x 100 lbs./bird = 
4,00~$:~,000 = 2,000,000 tons Q $1.00 ton ~2,000,000 

Total Annual Loss t o  Pullet and Egg Producers $6,870,000 

Suranary - Economic losses i n  the poultry  industry resulting from selenium 

deficiency are estimated a t  approximately $34,000,000 annually, Fortification 

of feeds w i t h  an inorganic form of this essential nutrient could alleviate 

this economic burden a t  an annual ingredient cost of approximately $250,000. 
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mine 
New Hamp8hin 
Vetmont 
Maaaachu8etts . 

Connecticut 
New York 
New Jersey 
Pennsylvanfa 
Delrwarc 
Maryland 
Oirginia 
Y o  V i r g i n i a  
Ohio 
Indiana 
I l l inois  
Mchigan 
uiacon8in 
Kentucb  
Tennesree 
N. Carolina 
S. Carolina 
Georgia 
Florida 
Idaho 
Wa6hingtocr 
Oregon 
California 

TOTAL 

United State8 

X of Birds i n  
S t a t u  Lilted 

# 
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69 POULTRY PRODUCTION 

taytng Herit& 
Avo NO. (000)  

15,831 
1,559 

580 
2,363 
4 8 084 

10,487 
4,139 

14,720 
61 0 

1 # 600 
5,096 
1 # 482 
9,468 

12,  812 
8,232 
6,188 
5,109 
3,121 
5,464 

15, 342 

24 9 705 
11 , 066 

5,078 

830 

2 , 305 
4,422 

37,740 

204,441 

313,343 

65% 

Broilers4 f irkeys4 
No. Produced (000 )  No. Roduced (000) 

. 

72,900 
482 

18 

6, 657 

950 
48,998 

174,274 

16,542 

13,934 

777 
15,  183 
7,190 

46,132 
280,637 

442,221 
38,737 
7,936 

3,216 

2,438 

133, so3 

63,469 

10,051 

- 

24,219 

21,436 
14 , 700 
76,757 

1,523,357 

2,788, 195 

5% 

14 
31 
8 

242 
111 
412 
111 

1,925 
1so 
95 

4,179 
676 

3,919 
3,621 

671 
882 

3,166 
57 * 

s4 
9,408 
2,  S36 
1, 633 

1,  572 
573 

15 080 
1,800 . 

52,886 

106,204 

SOX 

- 1/ Figures' f tom USDA Agricul tural   Stat ia t ica  1970 

. 

. 
l/l9/72 
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~j 9 .  Analyze Whether the  Proposed  Action Io o r  Is Not Major and Whether It w i l l  
. ., Or Will Not Significantly  Affect  the  Quality  of  the Human Environment: 

The addition  of  ruppl&ental selenium a t   nu t r i t i ona l   l eve l s   t o   f eeds   fo r  
chickens,  turkeyr 8nd swine is  not a major ac t ion   tha t  w i l l  s ign i f icant ly  
affect   the   qual i ty   of   the  human enviroument. 

Insignif icant   levels  of  selenium would be re turned   to   the   so i l  which would 
have no s igni f icant   shor t  or long term e f fec t s  on the   level  of  selenium i n  
the environment. 

10. I f  the Proposed  Action is Malor  and Will Significantly  Affect  the Quality 
of  the Human Environment,  Analyze Whether t h e  Benefit  to  the  Public Will 
Outweigh the Risks to   the  Environment:, ’ 

NDT APPLICABLE. 

t 

Lee H. Boyd, Director 
Feed Control and Nutrition 

July 26, 1972 
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SECTION IX - PROPOSED TOLERANCES 

-. 

SUPPLEMENTAL FOOD ADDITIVE PETITION 

Supplementa l   se len ium  for   ruminant   l ives tock ,   pe t i t ion   to  amend 
21 CFR 121.325Gf7f.7&) L~ 

ENVIRONMENTAL  IMPACT AYALY S I S REPORT 

Selenium  For  Ruminants  Task  Force 
c /o  American  Feed Manufacturer ' s   Associat ion 
1701 M. For t  Myers Drive 
Ar l ing ton ,   Vi rg in ia  22209 

August 26, 1976 
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ENVIRONMENTAL 
SELENIUM TO THE 

IMPACT  ANALYSIS  FOR THE ADDITION OF 0.1 PART  PER  MILLION OF 
DIETS OF BEEF CATTLE, SHEEP AND DAIRY ' CATTLE 

1. Background  and  Description 

1.1 Description  of  Proposed Actio;: Selenium is- a n   e s s e n t i a l   t r a c e  

n u t r i e n t   f o r   a n i m a l s  and  probably  for  man which ,   l i ke   o the r  trace 

n u t r i e n t s ,   c a n   b e   t o x i c   i f  consumed i n   e x c e s s i v e  amounts. The 

c h a r a c t e r i s t i c  which  dis t inguishes   selenium  from  other  trace n u t r i -  

e n t s  is i ts  re l a t ive ly   h igh   deg ree  of toxici ty .   Selenium is c i t e d  

as one  of  the few mineral   elements  absorbed by p l a n t s   i n   s u f f i c i e n t  

c o n c e n t r a t i o n s   t o   k i l l   a n i m a l s   t h a t  eat  t h e   p l a n t s .   F o r   t h i s   r e a s o n ,  

i t  i s  n e c e s s a r y   t o   c o n s i d e r   t h e   e f f e c t  of selenium  supplementation 

not   only on t h e   d i r e c t   r e c i p i e n t s   ( c a t t l e  and sheep)   bu t   a l so  on 

i t s  u l t ima te  consumer, t h e  human populat ion.  

For many yea r s ,   t he re  was conce rn   ove r   t he   t ox ic   e f f ec t s  of 

selenium on animals;   only more r ecen t ly   have   t he   nu t r i t i ona l   a spec t s  

of  selenium become -well recognized.  Selenium i s  now a c c e p t e d ,   a f t e r  

ex tens ive   research  s t u d i e s ,  as  a n e c e s s i t y  f o r  t h e   h e a l t h  and  growth 

o f   l a rge  numbers  of  domestic  animals and b i r d s   i n   w i d e l y   d i v e r s e  

s e c t i o n s  of the  world.   These  s tudies   demonstrated  that  d i e t a r y  

supplementat ion  with  selenium i s  e f f e c t i v e   i n   p r e v e n t i n g   t h e   c l i n i c a l  

s i g n s  of   se len ium  def ic iency   in   an imals  and b i rds .  

Based  on these   s tud ie s ,   pe rmis s ion   t o  add  supplementary  selenium 

t o  the d i e t s  of  swine  and  poultry was granted by t h e  Food and Drug 

Adminis t ra t ion   in   February  of,1974. This   approval   permits   the 

a d d i t i o n  of 0.1 ppm of   supplementa l   se len ium  to   the   d ie t s  of b r o i l e r  



chickens and  swine  and 0.2 ppm t o  t h e   d i e t s  of turkeys.  Ruminant 
.- x. 

j l i v e s t o c k   ( c a t t l e ' a n d   s h e e p )   a l s o   s u f f e r   f r o m  selenium d e f i c i e n c i e s  

(53% of the   ruminant   l ives tock   produced   in   the   Uni ted   S ta tes  i s  

grown on  feeds  which are d e f i c i e n t   i n   s e l e n i u m ) .   T h i s   r e p r e s e n t s  
.. 

an important  loss of meat and m i l k   t o   t h e  American  consumer. 

The  purpose  of  the  proposed  action is t o   p e r m i t   t h e   c o r r e c t i o n  

o f   d i e t a r y   d e f i c i e n c i e s  of  selenium i n   t h e   d i e t s  of  ruminant  l ive- 

s tock   t h rough   t he   add i t ion  of  0.1 ppm of  selenium (as sodium s e l e n i t e  

o r  sodium s e l e n a t e ) .  

Most of   the   in format ion   prepared   in   the   f ina l   envi ronmenta l  

impact  statement  which was submi t t ed   p r io r   t o   app rova l  of selenium 

as a f o o d   a d d i t i v e   f o r   i n c l u s i o n   i n   t h e   d i e t s  of pou l t ry  and swine 

i s  a lso   o f   impor tance   in   cons ider ing   the   addi t ion  of t h i s   e s s e n t i . a l  

n u t r i e n t   t o   t h e   d i e t s  of ruminant   l ivestock.  

1 . 2  D i s t r i b u t i o n  of Selenium:  Selenium  occurs i n   n a t u r e  mos t ly  a s  

mixed s u l f i d e s  of lead ,   copper ,   mercury   and   s i lver .  A number of 

measurements  of t he   t o t a l   s e l en ium  con ten t  of s o i l s  was made i n  

connec t ion   w i th   s tud ie s   o f   t ox ic i ty   i n   t he   wes t e rn   Un i t ed   S t a t e s  

dur ing   the   per iod   1933  to  1949.  These studies  have  been  reviewed 

by Lakin  (1961) .   Soi ls   containing as much as 100 ppm of t o t a l  

selenium  have  developed  from  Cretaceous  sedimentary  rocks  in  the 

Nor thern   P la ins   and   a long   the   eas te rn   f ront  of t he  Rocky Mountains. 

The concent ra t ion  of s e l e n i u m   i n   t h e s e   s o i l s  is h i g h   v a r i a b l e ;   i n  

a s i n g l e   f i e l d ,   s o i l s   c o n t a i n i n g  more than  50 ppm of t o t a l   s e l e n i u m  

may be   i n t e r spe r sed   w i th   so i l s   con ta in ing  less than  1 ppm. 



. .  
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The concen t r a t ion  of selenium i n  some s e l e n i f e r o u s   s o i l s  has 

,I been reduced  both by l each ing   du r ing  the s o i l  development  processes 

and by i r r i g a t i o n  water. Moxon e t  a l .  (1939) have e s t i m a t e d   t h a t  

over  80 percent  of t h e  selenium o r i g i n a l l y   p r e s e n t   i n  some Cretaceous 

sediments i n  South  Dakota  has  been removed  from t h e   u p p e r   p a r t  of t h e  

section  during  the  development  of a so i l   p ro f i l e .   Lak in   (1961)  

presented  evidence  that   se lenium is  being removed from some irri- 

gated areas i n   d r a i n a g e  waters. Kubota e t  a l ,  (1967)  observed  that  

forage  growing  on  the  alluvial   bottoml,ands  along  the  Missouri  and 

Miss i ss ippi   Rivers   conta ined  more se len ium  than   d id   forage  growing 

on the   ad jacent   up land   so i l s .   This  may he i n t e r p r e t e d  as  evidence 

tha t   t he   Missour i  and Miss i s s ipp i  Rivers are t r anspor t ing  seI.eniun1 

toward t h e   s e a  from  the  upper parts o f   t h e i r   y a t e r s h e d s .  Even 

though  selenium is  being removed f rom  the   sur face   l ayers  of the  

s e l e n i f e r o u s   a r e a s  of the   Uni ted   S ta tes ,  i t  has   no t   been   es tab l i shed  

t h a t   t h i s  removal i s  r e s u l t i n g   i n  a s ign i f i can t   dec rease  in the  

areas t h a t   a r e   p o t e n t i a l l y   c a p a b l e  of   producing  plants   containing 

tox ic   concen t r a t ions  of selenium. 

A unique  feature  of t h e   d i s t r i b u t i o n  of   se len ium  in   p lan ts  

i n   t h e   U n i t e d   S t a t e s  i s  the  occurrence of seve ra l   b road   a r eas  where 

almost all the p l a n t s  sampled  contained low l e v e l s  of selenium. 

These  areas  coincide  with areas where  selenium  def ic iency  in   l ive-  

stock and poul t ry   has   been most no t iceable   (F igure   1 ) .  A major 

a rea  of selenium-deficient  s o i l  i nc ludes   cen t r a l   and   sou the rn  

F l o r i d a  and the   t idewater   sec t ion   of   the  south A t l a n t i c   c o a s t .  

Here t h e   s o i l s  were formed by recent  marine and c o a s t a l   d e p o s i t s .  

3 



These soi l - forming materials were g e n e r a l l y   l a i d  down long after 

t h e   p e r i o d  of se len iza t ion   of   the   Western  Great P la ins   and   t he  

Rockies.- The selenium con ten t  of t h e   f o r a g e s  grown i n   t h e s e  se- 

lenium-deficient areas varies from 0.01 t o  0.10 ppm. Obviously, 

there are impor t an t   d i f f e rences  i n  the concentrat ions  of   selenium 

i n  an ima l   f eeds   p roduced   i n   d i f f e ren t  areas. These are demonstrated 

i n   t h e  work of   bruins  e t  al .  (1966), i n  which a s t a n d a r d   t u r k e y   d i e t  

prepared  f rom  mater ia ls   produced  in  western Iowa was compared wi th  

a similar d i e t   p repa red   f rom  ma te r i a l s   p roduced   i n  Ohio  and New 

York. ' The  Iowa d ie t   con ta ined  0.37 ppm of  selenium, and turkeys  

f e d   t h i s   d i e t  showed  no evidence of selenium  def ic iency.  The  Ohio- 

New York d i e t   con ta ined  0.08 ppm of selenium and t u r k e y s   f e d   t h i s  

d i e t  showed a h igh   inc idence   o f   g izzard  myopathy (a   muscle   disease) .  

The  median concent ra t ion  of seleniwn  produced i n  areas considered 

having   adequate   so i l   se len ium was 0.26 ppm. Presumably,  the  concen- 

t r a t i o n  of selenium i n  f eed   g ra ins  would show a similar d i s t r i b u t i o n .  

1 .3  Role of Selenium in   Nu t r i t i on :   Se l en ium is  a n   e s s e n t i a l   t r a c e   n u t r i -  

ent  which i s  needed by pou l t ry  and l ives tock   to   permi t   normal   g rowth  

and metabolism..  Although i t  is p r e s e n t   i n  a wide   var ie ty  of feed- 

s t u f f s ,   t h e ' l e v e l s   t h a t   o c c u r  are o f t e n   n o t   s u f f i c i e n t   t o   s a t i s f y  

the  animal 's   metabol ic   requirement .  Animal n u t r i t i o n  problems now 

recogn ized   t o  be due to   selenium  def ic iency  have  been  suggested 

f o r   o v e r  30 years.   Recognized  instances of selenium  def ic iency 

diseases   have  unquest ionably  increased,   but   these may be  due t o  

improved   d iagnoses .   The   insuf f ic iency   prec ip i ta tes   c l in ica l   s igns  



of d e b i l i t a t i o n   i n  a s igni f icant   por t ion   o f   our   food-animal   popula-  

tion. Est imates  of economic  losses  caused by se len ium  def ic iency  

i n  beef catt le,  d a i r y  catt le and sheep are i n  t h e ' m i l l i o n s   o f  

d o l l a r s  (see Appendix C). ' 

.. 

Ample evidence i s  a v a i l a b l e   t o  show t h a t   t h e s e   l o s s e s   c o u l d  

be  prevented  i f   se lenium  could  be  used  to   supplement   ruminant  live- 

s tock   d ie t s .   This   ev idence   demonst ra tes   tha t   the   p roposed   use   o f  

selenium is  necessa ry   and   s a fe   t o   t he   an ima l s   t r ea t ed  and t o  humans 

consuming the  food  der ived  f rom  these  animals .  

New i n t e r e s t   i n   t h e   b i o l o g i c a l   s i g n i f i c a n c e  of selenium  has  

developed in   r , ecen t   yea r s ,   a l t hough   fo r  many y e a r s   t h e r e  was concern 

over i t s  t o x i c   e f f e c t s  a t  h i g h   l e v e l s  upon an ima l s .   Ob jec t ions   t o  

t he   concep t   o f   s e l en ium ' s   e s sen t i a l i t y  as a n u t r i e n t   c o n t i n u e d   t o  

be ra ised,  l a r g e l y  on t h e   b a s i s   t h a t  some of  the  selenium-responsive 

d i seases   (d i seases  which  can  be  prevented by selenium  therapy)  a l s o  

responded  to   other   dietary  supplement ,a t ion,   notably  vi tamin E. I n  

independent   discoveries  (Schwarz  and F o l t z ,  1957; Pa t t e r son  e t  a l . ,  

1957) selenium was i d e n t i f i e d  as a t h i r d   f a c t o r   ( v i t a m i n  E and 

c y s t i n e ,  a s u l f u r  amino a c i d ,  had a l r eady   been   i den t i f i ed )   ac t ive  

in   p reven t ing   degene ra t ion  of t h e   l i v e r   i n   r a t s  and was shown t o  

prevent   exudat ive   d ia thes i s   (a   d i sease   charac te r ized  by edema and 

subcutaneous   cap i l la ry   hemorrhages)   in   ch icks   fed   to ru la   yeas t  low 

i n   v i t a m i n  E. These  discoveries  led t o   i n v e s t i g a t i o n s   w i t h   o t h e r  

s p e c i e s  of animals. 

The ex i s t ence  of cer ta in   metabol ic   problems among ruminant 

an imals   tha t  are re spons ive   t o  small amounts of selenium  has  been 



. .  

recognized   for  a number of years .  In 1958 r e sea rch  teams at Oregon 

S t a t e  and  Cornel l   Universi t ies   documented  that   whi te   muscle   disease,  

a myopathy of  young  ruminants,   could  be  prevented  by  the  addition 

of 0.1 ppm Se to c a u s a t i v e   d i e t s  (Muth, e t  a l . ,  1958; Hogue, 1958). 

Subsequent ly ,   extensive  s tudies   of   forages  and  other   plant   feed-  

s t u f f s  (Kubota, e t  a l . ,  1967) have  revealed  broad areas i n   t h e  

United  States  where  almost a l l  of the  plants   sampled showed low 

-1 

l e v e l s  o'f selenium, and i t  has   been   no ted   tha t   these  areas co inc ide  

wi th   t hose   where   s e l en ium  de f i c i ency   i n   l i ves tock   and   pou l t ry   has  

been  most  serious (NAS-NRC, 1971). 

. .  

There  has  been a de f in i t e   i nckease   i n   r ecogn ized   i nc idence  of 

Se - re spons ive   d i sease   i n   ruminan t   an ima l s   i n   t h i s   coun t ry   s ince  

1958, some of which  probably  relates  to  improved  di.agnostic  methods. 

There are sorue ind ica t ions ,   however ,   tha t   deple t ion  cf t opso i l  rc- 

se rves  of Se may have   occur red ,   espec ia l ly   where   i r r iga t ion  and 

intensive  cropping  have  been  appl ied  to   previ .ously marginal1.y- . 

product ive   l ands ,  and t h a t   t h e s e  may have  extended  t.he  scope  of 

Se-deficiency  problems  with  l ivestock.  In some c a s e s ,  u s e  of 

c o m p e t i n g   e l e m e n t s   s u c h   a s   s u l p h u r   i n   f e r t i 3 . i z e r s   o r   s o i l  amend- 

ments has l imi ted   the   up take   o f   ava i lab le  S e .  by p l a n t s .  Also, 

changes i n   l i v e s t o c k  management p r a c t i c e s   i n c l u d i n g  a s h i . f t   t o  

b i r t h  of ca lves  and  lambs i n   w i n t e r  months when low d i e t a r y   l e v e l s  

of vitamin E p l ace  added   impor tance   on   ava i lab i l i ty   o f   d ie ta ry  Se,  

may have   led   to   increases   in   occur rence   o f   whi te -musc le  and o t h e r  

Se - re spons ive   d i seases   i n  young  ruminants (NAS-NRC, 1971). 

Other  evidence of b e n e f i c i a l   e f f e c t s  of Se i n   d i e t s   f o r   r u m i n a n t s  

has  been  documented. It has  been  shown, for   example,   that   sub-opt imal  
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growth of lambs  can be improved i n  some areas when supplementary 

S e   i n  made available. Oregon  experiments showed tha t   p repar tum 

admin i s t r a t ion  of S e  t o  ewes increased   pos t -na ta l 'weight   ga ins   o f  

their lambs (Old f i e ld ,  et  al . ,  1960)  and similar experiences  have 

been  recorded  elsewhere,  e. g. i n  New Zealand  (Jolly,  1960)  and 

Scot land (Blaxter, 1962). The l a t te r  r e fe rence  summarized compre- 

.. 

hens ive  trials involving  4,448  lambs on 76 farms  and showed t h a t  

Se-treated  lambs  gained  an  average  of  0.81  lb. more than   un t r ea t ed  

ones  over a 3-4 month per iod .  

Burroughs e t  a l . ,  (1963) showed i n  Iowa c a t t l e   f e e d i n g  trials 

t h a t   a d d i t i o n   o f  0.05 - 0.10 ppm t o   h i g h   c o n c e n t r a t e   r a t i o n s   f o r  

c a t t l e   r e s u l t e d   i n   s i g n i f i c a n t l y   g r e a t e r   w e i g h t   g a i n s   o v e r  a 141- 

day per iod .   In  New Zealand,  Hartley  (1961) showed that  growth  of 

fornge-fed  beef  calves  given Se was increased  by 502 over   tha t  of 

con t ro l   ca lves   t ha t   d id   no t   r ece ive   t he   supp lemen t .  

Selenium  apparently is a lso   requi red   for   normal   reproduct ive  

processes   in   ruminant   an imals .  Hartley and  Grant  (1961) i n  New 

Zealand  demonstrated  that   dosing ewes on ranches  where  abnormally 

low  lambing  percentages  had  occurred  with 5 mg Se as Na2SeOg a t  

monthly i n t e r v a l s  improved their   reproduct ive  performance  f rom 

62%  (lambs/100  ewes) t o  94%. Later r e s e a r c h   i n   t h i s   c o u n t r y  

showed t h a t  Se was a l so   impor t an t   t o   no rma l   r ep roduc t ion   i n   t he  

male, and t h a t   s p e c i f i c   d e f e c t s   o c c u r r e d   i n   t h e  morphology of 

sperm  from  Se-deficient  male  laboratory  animals (Wu, e t  a l . ,  1969). 

I n   c a t t l e ,  i t  has  been shown that  Se-therapy  superimposed  on a 

Se -de f i c i en t   d i e t   s i t ua t ion ,   has   been   he lp fu l ,   a long   w i th   v i t amin  

'7 
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E, in reducing   inc idence   o f   re ta ined   p lacentas   (Tr inder  e t  al., 

1969).. This   f ind ing   has   been   recent ly   conf i rmed by J u l i e n  and 

Conrad, i976, i n  which the   i nc idence   o f   r e t a ined   p l acen ta s  was 

reduced  from 40 - 50 p e r c e n t   t o  8 - 12 percen t  by i n j e c t i n g   d a i r y  

cows wi th  50 mg o f   sod ium  se l en i t e  20 days  before   calving.  

As the   widespread   inc idence   o f   Se   def ic iency   in   l ives tock  

has   been   apprec i a t ed ,   o the r   i n s t ances   o f   bene f i c i a l   r e sponses   t o  

Se  supplementation  of  animals  have  occurred.  Considerable  use of 

v e t e r i n a r y   p r e s c r i b e d  Se i n  cases of d i a r r h e a   o r   s c o u r s   i n  young 

calves  and  lambs  has  taken  place,   with  apparently  successful  re- 

su l t s   (Kenda l l  e t  a l . ,  1960;  Smithcors,  1962;  and Wolf e t  a l . ,  

1963). 

T h e s e   s t u d i e s   r e l a t i n g   s p e c i f i c a l l y   t o   r u m i n a n t   s p e c i e s   a r e  

p a r t  of a very much l a r g e r   s c i e n t i f i c   l i t e r a t u r e   r e l a t i n g   t o  many 

an imal   spec ies ,   tha t   has   deve loped   over   the  l a s t  two decades,   the  

aggrega te   r e su l t  o f  which  has  been  the  recognition, by au tho r i t a -  

t ive  sources ,  of t h e   e s s e n t i a l   s t a t u s   o f  Se  a s  a micronut r ien t .  

The  need fo r   an .   adequa te   l eve l  of   se len ium  in   the  d i e t s  of 

a l l  types  of domest ic   l ives tock  and pou l t ry  is, t h e r e f o r e ,   w e l l  

recognized. 

. .  

The d ie ta ry   requi rements  and ppm of se l en ium  tox ic   fo r  domes- 

t i c  animals  as  summarized by the   Nat iona l   Research   Counci l   a re   in  

Table 1. Values   for   swine  and p o u l t r y   a r e   p r e s e n t e d   i n   a d d i t i o n  

to   those   for   ruminants   for   compara t ive   purposes .  Whether t he  

animal is a ruminant  or  nonruminant;  i t  gene’rally is  considered 



--.* t ha t  its selenium  requirement w i l l  b e   s a t i s f i e d  by . 1 ppm of   t he  
,I 

element i n  t h e   d i e t .  A h i g h e r  . 2  ppm, however,  has been e s t a b l i s h e d  

.as t h e   r e q u i r e m e n t   f o r   t u r k e y s .   I n t e r p r e t a t i o n  of a v a i l a b l e   d a t a  

has r e s u l t e d   i n   w i d e   r a n g e s   f o r   t o x i c  amounts  of  selenium  for cer- 

t a i n   s p e c i e s .  Even so, the   widest   range  of  3 t o  20 ppm set f o r  

,- 

s h e e p   y i e l d s  a minimum toxic- to- requi red   ra t io   o f  30, i n d i c a t i n g  a 

grea te r   marg in  of s a fe ty   w i th   s e l en ium  than   occu r s   w i th   coppe r ,   fo r  

examp le. 

Table 1. Dietary  Requirements  and  toxic  levels of se len ium  for   domest ic  

animals. 

Selenium (ppm) 
Species  Reference  Requirement  Toxic 

Dairy Cattle NRC, 1971 .1 5 
Beef C a t t l e  NRC, 1970 .05 t o  .1 
Sheep NRC, 1974 .1 3 t o  20 
Swine NRC, 1973 .1 5 t o  10 
Chickens ( 0  t o  8 wk) NRC,  1971 .1 10 
Turkeys ( 0  t o  8 wk) NRC, 1971 .2 - 

- 

I 

2. Probable  Impact on the  Environment 

2.1  Primary  Environmental  Impact:  Primary  environmental  impacts  can 

r e s u l t   f r o m   t h e   d i r e c t   a p p l i c a t i o n  of fo re ign   subs t ances   t o   t he  

environment .   In   the  case of selenium,  which is w i d e l y   d i s t r i b u t e d  

i n ' n a t u r e  and w i l l  b e  adminis tered y& t he   f eed   t o   an ima l s  a t  low 

l e v e l s ,  no  primary  environmental   impact  result ing  from i ts  use  i s  

a n t i c i p a t e d .  

2.2  Secondary  Environmntal  Impact: A v a r i e t y  of secondary  environmental  

e f f e c t s  would occur.   Beneficial   impacts  would  accrue  with  regard  to 
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land  use  s ince  selenium  supplementat ion  would  permit   the   more 

e f f i c i en t  production  of  poultry  and  l ivestock.  This  enhanced 

product iv i ty   a l lows  a more e f f i c i e n t   u t i l i z a t i o n   o f   t h e   a c r e a g e  

a l loca ted   fo r   food   p roduc t ion  and a l s o   o f   a l l i e d   a g r i c u l t u r a l  

;I - 

i n p u t s   ( f e r t i l i z e r ,   s e e d , .   p e s t i c i d e s  and l a b o r ) .  

In   o rde r   t o   de t e rmine   t he   po ten t i a l   adve r se   env i ronmen ta l  

e f f ec t s   o f   t he   p roposed   ac t ion ,   t he   fo l lowing   f ac to r s  were given 

cons idera t ion  : 

1. Toxicology 

a. Animal 

Selenium i n   t h e   f o r m  of sodium s e l e n i t e  (Sa2Se0 3 ) o r  

sodium s e l e n a t e  (Na2Se04) i s  h ighly   tox ic .  Consumption  of p l a n t  

materials conta in ing  400-800 ppm of   selenium  have  been  fa ta l   to  

sheep, hogs,  and caives .   Chronic   selenium  toxici ty   in   l ivestock 

occurs  when animals consume se l en i f e rous   p l an t s   con ta in ing  3-20 

ppm of  selenium  over a prolonged  period. Miller and  Schoening 

(1938)  reporped  that  selenium  as  sodium  selenite was t o x i c  f o r  

swine when f e d   a t   t h e   r a t e  of 1 3 . 3  ppm. 

I n   s t u d y i n g   t h e   e f f e c t  of  selenium as sodium s e l e n i t e   i n   t h e  

r a t i o n  of p o u l t r y ,  Moxon.(1937)  found  evidence of t o x i c i t y  when. 

hens were fed  26 ppm; p u l l e t s ,  6.5 ppm; and  growing  chicks, 8 ppm. 

While many f ac to r s   en t ex   i n to   s e l en ium  tox ica t ion ,   t he   fo l lowjng  

f ac to r s   r evea led  by Muth and Binns  (1964)  appear  to  be  the most 

impor tan t :   (1 )   s ize  and  frequency of the   doses ;  ( 2 )  charac te r -  

i s t i c s  of   the compound; (3 )  presence  of   combining,   reducing,   d i lut ing,  

o r   s y n e r g i s t i c   s u b s t a n c e s ;  ( 4 )  i n h e r e n t   s u s c e p t a b i l i t y  of the  animal;  



# 

P and ( 5 )  e f f i c i e n c y  'of e l i m i n a t i o n  after absorp t ion .  The s ta tement  
j 

by Trelease and  Beath (1949) t h a t  "It is  not y e t   p o s s i b l e  t o  state 

w i t h  any degree   o f   accuracy   what   cons t i tu tes   the  minimum t o x i c   d o s e  

. of selenium in each  of  i ts  fo rms   fo r   d i f f e ren t   k inds   o f   l i ves tock , "  

is still  a per t inent   one .  It is  most d i f f i c u l t   t o  s ta te  with  any 

degree  of   accuracy  what   actual ly   const i tutes   the minimum tox ic   dose  

of   se len ium  in   each  of i t s  numerous  forms f o r   d i f f e r e n t   s p e c i e s   o f  

l i v e s t o c k   o r   f o r  man. The r a t i o  between  beneficial   dose and t o x i c  

dose,   based on Factor-3  selenium, is of t h e   o r d e r  of 1:lOO. 

A v a r i e t y  of t o x i c   e f f e c t s  are noted when e x c e s s i v e   q u a n t i t i e s  

of  selenium are inges t ed  by l i v e s t o c k  and poul t ry .   Genera l ly ,   these  

animals w i l l  s u f f e r  from a l o s s  of a p p e t i t e ,   ' a t r o p h y  of t h e   h e a r t ,  

c i r r h o s i s  of  the. l i v e r  and  anemia. A more complete   descr ipt ion of 

t h e   t o x i c   e f f e c t s  of sel.enium  can  be  foucd i n  "Trace  Llements in 

Human and  Animal Nu t r i t i on , "  by E. J. Underwood (1971) .  

It has   been  wel l -documented ' that   the  minimum t o x i c  level of 

sel.enium i n  pou3.try  and  swine  feeds  approximatc?s 3 .0  ppm. Feeds 

that  have  becn  supplemented  with 0.1 o r  0 .2  ppm of  selenium  contain 

an amount of  selenium  which is well below t h a t  which is t o x i c   t o  

poultry  and  swine.  Accordingly,  such f e e d s  are s a f e   f o r   p o u l t r y  

and  swine. 



. .  

i 
Avai lab le  animal da ta   which  have been   ex t rapola ted  t o  e f f e c t s  on 

hum-as  have  been  evaluated by t h e  Food and Drug Adminis t ra t ion  and 

the   Na t iona l  Cancer I n s t i t u t e .  These da ta   can  be summarized as 

fol lows : 

(1) Nelson e t  al. (1943) 

Selenium was i n i t i a l l y   t h o u g h t   t o   b e   c a r c i n o g e n i c  

on t h e   b a s i s  of s tudies   performed by these  workers .  The s t u d i e s  

were des igned   t o  compare t h e   t o x i c i t y  of graded  levels  of n a t u r a l l y  

occurr ing   se len ium  wi th   tha t   caused  by potassium ammonium su l fo -  

selenide  (Selocide--a   systemic  insect ic ide) .  Female rats were 

reared  on a low p r o t e i n   d i e t  (12 p r r c e n t )  which  contained 5 ,  7 and 

10 ppm of  selenium  from  natural   sources  and 10 ppm of  selenium  from 

ammonium po tas s ium  su l fose l en ide   fo r  a l i f e t i m e .   M o r t a l i t y  was 

high  and  found t o  be   approximate ly   p ropor t iona l   to   the   l eve l  of 

dietary  selenium. One hundred  and  twenty-six rats were divided 

i n t o  7 groups of 18. Only 5 3  survived 18 months; 39 survived 2 4  

months. Of t h e  5 3  rats tha t   surv ived  18 months,  11  developed l i v e r  

tumors  and 4 developed  advanced  adenomatoid  hyperplasia  (benign 

tumor). None of t h e  tumors  metastasized. It i s  be l i eved   t ha t   t he  

n e o p l a s t i c   l e s i o n s  (new o r  abnormal  growth)  observed i n   t h i s   s t u d y  

were s e c o n d a r y   t o   t h e   c i r r h o s i s  promoted  by t h e   n u t r i t i o n a l l y  in- 

a d e q u a t e   d i e t s   t h a t  were used. 

(2)  Klug  and  Hendrick (1954) 

Groups  of 35 male rats were t r e a t e d   f o r  a l ifetime 

wi th  up t o  19 ppm of selenium  derived  from  organic  sources.  The 

s e l e n i u m   t r e a t m e n t s   r e s u l t e d   i n   d e c r e a s e d   l i f e   s p a n s  and l i v e r  

damage. No l i v e r   t u m o r s  were evident .  



(3) Volgarev  and  Tscherkes (1967) 

Stud ies   wh ich   appea red   t o   con f i rm  the   r e su l t s   o f  

Nelson e t  al. (1943) were conducted by these  workers.   These 

s t u d i e s   t e s t e d   t h e   e f f e c t s ’ o f   s e l e n i u m  (as sod ium  se l ena te )   i n  
.. 

male rats a t  levels   ranging  f rom 4.3 t o  8 .6  ppm. The d i e t s   u s e d  

contained 12 pe rcen t   p ro t e in .  The f i r s t   s t u d y   r e s u l t e d   i n  tumor 

development i n  14 of 40 animals .   In   the  second,  5 of 40 animals 

developed  tumors. In  t h e   t h i r d   s t u d y   i n v o l v i n g  100 animals,   no 

animals  developed  tumors. No control   animals  were used i n   t h e s e  

s t u d i e s  and i t  was subsequent ly   discovered  that   the  rats used i n  

t h e   f i r s t  2 s t u d i e s  were i n f e s t e d   w i t h  a pa ras i t e   wh ich  i s  known 

to  induce  tumors .  

( 4 )  Tins ley  e t  a l .  (1967)  and Harr e t  a l .  (1967) 

These  aucilors  conducted  an  extensive  study of chronic  

se l en ium  tox ic i ty   i n   r a t s   t o   de t e rmine   whe the r   excess   s e l en ium  p ro -  

duces   l iver   cancer .  A t o t a l  of 1 , 4 3 7   r a t s  was used  with 2 7 4  of 

t h i s   t o t a l   s e r v i n g  as con t ro l s .   Three   d i e t s   were   t e s t ed  (12 per-  

cen t   ca se in ,  22 percent   case in ,  and a commercial ly   avai lable  ra t  

chow). Selenium  treatments  ranged  from 0.5 t o   1 6 . 0  ppm and N-2- 

f luorenyl-acetamide  (a  known carcinogen) was used as a p o s i t i v e  

c o n t r o l .  Of the   1 ,126   an imals   tha t  were au tops ied ,  6 3  neoplasms 

were  found; 4 3  of t h e s e   o c c u r r e d   i n  t h e  90 rats r ece iv ing  N-2- 

fluorenyl-acetamide. The o the r  20 neoplasms were. randomly d i s -  

t r i bu ted   t h roughou t   t he   r a t s   r ece iv ing   t he   va r ious   exee r imen ta l  

d i e t s .  No hepatic  neoplasms were found i n   t h e   r a t s   f e d   s e l e n i u m .  



( 5 )  'Schroeder and Mitchener (1971) 
,l 

Male and  female rats i n  groups of 50 were t r e a t e d  

with  sodium  selenate   and/or   sodium  seleni te  (3  ppm of  selenium) 

via the   d r ink ing  water. Because  of   the  high  toxici ty   of   the   sodium 

s e l e n i t e   t r e a t m e n t ,   t h e  animals were switched  f rom  this   t reatment ,  

a f t e r   t h e   f i r s t   y e a r ,   t o  sodium  selenate  a t  t h e  same dose. A l l  of  

t h e   s u r v i v i n g  rats were treated f o r  2 years .   There were no  tumors 

obse rved   i n   t he  rats s t a r t e d  on sodium s e l e n i t e  and  switched  to  

sodium se l ena te .   Fo r   t he   g roups   t r ea t ed   w i th  sodium s e l e n a t e   f o r  

t h e   l i f e t i m e ,  however, i t  was claimed  that  a h igher   inc idence  of 

tumors were found. Critical a n a l y s i s  of t h e s e   s t u d i e s  was no t  

poss ib l e   s ince   t he  sodium se l ena te - t r ea t ed   r a t s   l i ved   l onge r   t han  

the  control   animals .  Thus  one cou ld   no t   a t t r i bu te   t he   t umors   t o  

sodium s e l e n a t e   o r   t h e   i n c r e a s e d   l i f e   s p a n .  

( 6 )  Schroeder and Mitchener (1972)  

These same authors   repea ted   the  ra t  s t u d i e s  i n  mice. 

Here, t reatment   with 3 ppm of selenium  via   the  dr inking water d i d  

not  have a s i g n i f i c a n t   e f f e c t  on the  incidence  of   spontaneous 

tumors. 

These s t u d i e s ,  examined i n   t o t a l ,  p e r m i t  t h e  con- 

c lus ion   tha t   se len ium a t  n u t r i t i o n a l l y   r e q u i r e d   l e v e l s  i s  not  a 

carcinogen.   Avai lable   evidence  a t   h igher   1evel .s  i s  inconclusive.  

Selenium a t  h igh   d ie ta ry   l eve ls   (above  2 ppm) i s  a 

proven   hepa to toxic   agent .   Ear ly   s tud ies  a t  d i e t a r y   l e v e l s   o f  5 ,  

7 and 10 ppm showed l i v e r  damage and r e g e n e r a t i o n   i n  rats and 



increased   inc idence  of hepatoma i n   t r e a t e d   a n i m a l s  as compared 

with con t ro l s .  Hepatoma d id   no t   occu r  i n  the  absence  of severe 

hepa to tox ic  phenomena. In more r e c e n t   s t u d i e s ,   h e p a t o t o x i c i t y  

was o b s e r v e d   i n  rats f e d  selenium a t  2 ppm. At 16 ppm, more se- 

vere l i v e r  damage was observed  but  was no t   a s soc ia t ed   w i th  hepatoma. 

No h e p a t o t o x i c   e f f e c t s  were noted a t  0.5 ppm o r  below. 

Knowledge of s e l en ium  r e s idue   d i s t r ibu t ion  and  concentration 

l e v e l s   i n   f o o d   a n i m a l   t i s s u e s  is i m p o r t a n t   i n   o r d e r   t o  assess t h e  

p o t e n t i a l   f o r  human t o x i c   e f f e c t s .   L i m i t e d   d a t a  on t h e   d i s t r i b u -  

t i o n  of se len ium  in   an imals   and   b i rds   have   been   ava i lab le   for  some 

time as a r e s u l t  o f   ana lyses   conducted   in   connec t ion   wi th   s tud ies  

of   se len ium  tox ic i ty   and   se len ium  def ic iency .  Moxon and  Rhian 

(1943)  reported 5.6 ppm of s e l e n i u m   i n   t h e   l i v e r  and  3.0 ppm i n  

t h e  muscle of steers t h a t  had  been maintained on s e l e n i f e r o ~ ~ s  

r ange land   fo r  3 years .  Maag and Glenn  (1967)  fed s o d i m   s e l e n i t e  

t o  steers u n t i l   s i x   o u t   o f   e i g h t   a n i m a l s   d i e d  from selenium poi -  

soning. The * l e v e l   f e d  was 12-24 mg. /kg. of body weight p e r  week. 

The selenium  content of the  muscles  of  these steers ranged  from 

0.10 t o   0 . 7 3  ppm. The l i ve r   con ta ined  5.0-12.3 ppm of  selenium. 

Useful   reviews  of   levels  of selenium  that  occur  under  normal 

physiological  conditions  have  been  provided by Ganther  (1965)  and 

by Hartley  (1967).  It has  been shown tha t   an imals   rap id ly   excre te  

much of  the  administered  selenium. 

Scott   and  Cantor  (1971)  have  shown,  using  graded  levels of 

sodium s e l e n i t e   i n   d i e t s   f o r   c h i c k e n s  and t u r k e y s ,   t h a t   t h e  



- 

.. 

selenium  content  of blood,  muscle,  and l iver  t e n d s   t o   p l a t e a u  

as the   se len ium  conten t  of t h e   d i e t  is increased .  After selenium 

had  been  added t o   t h e   d i e t  a t  t h e  rate of 0.2 ppm', t he   s e l en ium 

content  of blood was 0.2 ppm i n   c h i c k s   a n d  0.12 ppm i n   t u r k e y  

pou l t s .  The selenium  content  of t h e  liver was somewhat higher-- 

.. 

about 0.6-0.7 ppm for both  chicks  and  poul ts .   These  selenium 

levels are well  w i th in   t he   r ange   found   i n   ch i ckens  and turkeys  

rece iv ing   normal   ra t ions .   Levels  of d i e t a ry   s e l en ium up t o  0.67 

ppm did   no t   apprec iab ly   increase   the   se len ium  conten t  of the   b lood ,  

m u s c l e ,   o r   l i v e r  of ch icks   o r   pou l t s   above   t he   l eve l s   ob ta ined   w i th  

0.2 ppm of   d ie ta ry   se len ium  in   the   form of sodium s e l e n i t e .  

The r e t e n t i o n  of dietary  selenium  and i t s  d i s t r i b u t i o n   i n  

v a r i o u s   t i s s u e s  of the  animal  have  been  studied  intensively  through 

the use of o ra l   s e l en ium.  Xore r e c e n t   s t u d i e s   u t i l i z i n g  lambs a s  

tes t  an ima l s   i nd ica t e   t ha t  25-75 percent  of an  oral. dose of se- 

lenium i s  exc re t ed   w i th in  a few days   a f t e r   i n t ake   (Eh l ig  e t  a l . ,  

1967; Ewan e t  a l . ,  1968 a and b).  Ruminants  tend t o   e x c r e t e  more 

of t h e   d i e t a r y   s e l e n i u m   i n   t h e   f e c e s   t h a n  do nonruminants. Ani- 

mals that   have  been  depleted of s e l en ium  r e t a in  a higher   percentage . 

of an   o ra l   dose  of t h i s   e l emen t   t han  do animals  that  have  been on 

a se len ium  adequate   d ie t   before   dos ing .  Only minor e f f e c t s  of 

vi tamin E on r e t e n t i o n  and d i s t r i b u t i o n  of  selenium  have  been 

noted. 

Information is meager c o n c e r n i n g   t h e   p o t e n t i a l   t o x i c i t y  of 

s e l e n i u m   i n  human d i e t s   i n   t h e   U n i t e d  States. Such information 

has   been  col lected  and summarized by Frost   (1972) ,  Trelease and 



Beath  (1949),  Rosenfeld  and Beath (19641,  Smith  and Westfall (19371, 

Hadjimarkos  (1965),  and  Williams e t  al. (1941). Thus, Smith  and 

Wes t f a l l  (1937)  conducted a survey   of   the   re la t ionship   be tween  the  

i 

selenium  content  of u r i n e  and of food i n  14 r u r a l  families l i v i n g   i n  

t h e   s e l e n i f e r o u s  area of   the  U. S .  (South  Dakota  and  Nebraska). The 

se l en ium  concen t r a t ion   i n   t he   u r ine  of t h i s   g r o u p   o f   f a m i l i e s  

ranged  from 0.20 t o   1 . 9 8  ppm. Another  survey  (Sterner and L i d f e l d t ,  

1941)   involving  the  ur ine  of  60 male i n d u s t r i a l   w o r k e r s   l i v i n g   i n  

a "low" selenium area (Rochester,  New York) r e v e a l e d   t h a t   t h e   u r i n e  

selenium  concentrat ion  var ied  f rom 0.001 t o  0.025 ppm of  selenium. 

The s ign i f i cance   o f   t hese  low leve ls   o f   se len ium  excre ted  i s  d i f f i -  

c u l t   t o   a s s e s s .   T h e r e  i s  no ev idence   tha t  any people  in the  U.  S .  

are s u f f e r i n g  from t o x i c   l e v e l s  of selenium  in   food.   Several   in-  

v e s t i g a t o r s  have provided  evidence t h a t  e leva ted   d i e t a ry   s e l en ium 

l e v e l s  may con t r ibu te  t o  i n c r e a s e s   i n  d e n t a l  caries (Hodj imarkos ,  

1965; Ludwig and Bibby,  1969;  Buttner,   1963).   Public  Health  offi-  

c i a l s  have  taken  action on the   bases  of r e p o r t s   t h a t   s e l e n i u m  may 

c o n t r i b u t e   t o   d e n t a l   c a r i e s ,  on r epor t s   t ha t   t he   e l emen t  is a PO- 

t e n t i a l   c a r c i n o g e n ,  and tha t   concen t r a t ions  of s e l e n i u m   i n  water 

cons ide red   s a fe   fo r  man were found t o x i c  f o r  f i s h .   T h e i r   a c t i o n  

took  the  form of lower ing   the   p rev ious ly   permi t ted   l eve l  of se- 

lenium in   wa te r   f rom 0.05 ppm t o  0.01 ppm (Publ ic   Heal th   Serv ice  

Pub l i ca t ion  956, 1962). The e f f e c t s  of the  proposed  acti .on on 

th i s   pe rmis s ib l e   s e l en ium  l eve l   i n   wa te r   a r e .   d i scussed   (pages  

20 - 25). 

It has  been shown,  however, t h a t  use of   feeds  containing se- 

lenium at  c e r t a i n  low l e v e l s   ( i n  some c a s e s . i n c l u d i n g   t h o s e   l e v e l s  
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set f o r t h   i n   t h e   r e g u l a t i o n )   d o e s   n o t  result i n  an i n c r e a s e  t o  
1 

t o x i c .  levels i n   t h e   s e l e n i u m   c o n c e n t r a t i o n  of . t he   ed ib l e   p roduc t s  

of  skeep’and  beef catt le (Appendix A, Tables  3 and 4). Thus,  the 

a n i m a l s   t e s t e d . a b s o r b e d   d i e t a r y   s e l e n i u m   i n   p r o p o r t i o n   t o   t h e i r  

phys io logica l   needs .  Exc.esses are rap id ly   exc re t ed .  

. .  

c. Wi ld l i f e  

The t o x i c   e f f e c t s   o f   s e l e n i u m  on aquat ic   b io ta   have   been  

reviewed by Rosenfeld  and  Beath  (1964).   Freshwater  catfish  died 

w i t h i n  48 h o u r s   a f t e r   r e c e i v i n g   i n t r a p e r i t o n e a l   i n j e c t i o n s  of 

0.15 mg: o r  more of  selenium as sodium s e l e n i t e .   I n j e c t i o n s  of 

0.05 mg. o f   s e l en ium  r e su l t ed   i n  dfeath a f t e r  12 t o  15  days. Edema 

and a dis turbance  in   the  hematopoet ic   system  (blood  forming)  were 

observed. Ten ppm of   se len ium  in   the  water i s  l e t h a l   t o   c a r p   i n  

25 days  and  mudsnails i n  8 days. It is a l s o  acknowledged t h a t  

2.5 ppm of s e l e n i u m   i n   t h e  water i s  t o x i c   t o  Daphnia, a small tes t  

animal known t o  be   h ighly   suscept ib le   to   tox ic   Subs tances .  

Duck s i ckness  was produced by the   add i t ion  of 20  ppm of se- 

l en ium  to   t he   d r ink ing  water. Many of t he  symptoms were i d e n t i c a l  

w i th   t hose  cf Clostridium  botulism--type C. 

2. Rate of  uptake by t h e   b i o t a  and p o t e n t i a l   f o r  food  chain 

concentrat ion  (biomagnif icat ion) .  

The f a c t   t h a t   c e r t a i n   s u b s t a n c e s   ( p a r t i c u l a r l y   p e s t i c i d e s  and 

rad ionucl ides)  become concentrated a t  the   h igher   food   cha in   l eve ls  

has  been  well-documented. One s tudy  by Metcalf e t  a l .  (1971) 

u t i l i z i n g  a model  ecosystem,  has shown tha t   r ad io l abe led  DDT was 

18 



accumulated i n  mosquito larvae, snails, and f i sh  as DDE, DDD, and 

DDT, and  concentrated  f rom 10,000 t o  100,000-fold. 

In the case of selenium, it is  well-known that  certain n a t i v e  

p l an t s   g rowing   on   s e l en i f e rous  soils accumulate   high  concentrat ions 

of t h i s  substance  (Rosenfeld  and  Beath,  1964). In  certain l o c a t i o n s ,  

accumula tor   spec ies   conta in ing   over  1,000 ppm of  selenium  have  been 

found  growing  a longside  grasses   containing less than  10 ppm  (Ap- 

pendix A, Table 7). These  so-cal led  selenium  accumulator   plants  

i nc lude  24 spec ie s   and   va r i e t i e s   o f   As t r aga lus   (mi lk   ve t ch ) ;  sec- 

- t i on   Xy lo rh iza  (woody aster) of  Machaeranthera;   section  Oonopsis 

(goldenweed)  of  Haplopappus;  and  Stanleya  (prince's  plume). The 

accumula to r   p l an t s   gene ra l ly  grow i n   d r y ,   n o n a g r i c u l t u r a l   a r e a s ,  

and  range  animals   do  not   graze  them  unless   forced  to  by a shor tage  

of o ther   feeds .  The g e o g r a p h i c a l   d i s t r i b u t i o n  of c e r t a i n   s p e c i e s  

of   As t raga lus  is p r e s e n t e d   i n  Appendix A,, Table 6. 

Informat ion   wi th   regard   to   the   w, i ld l i fe   which   feed  on selenium 

accumula tor   p lan ts  is unavai lab le .   S ince   these  are noxious weeds 

which   conta in   h igh   leve ls  o f  selenium, i t  i s  u n l i k e l y   t h a t   t h e s e  

p l a n t s  would b e   p r e f e r r e d   a s  a f eed   sou rce   fo r  thk indigenous  fauna.  

P robab ly ,   t he   t ox ic i ty   o f   s e l en ium  to   w i ld   he rb ivo res  would be  of 

t h e  same o r d e r  of magnitude as t h a t   o b s e r v e d   i n   d o m e s t i c   l i v e s t o c k  

and pou l t ry .  FDA can   on ly   specu la t e   t ha t   p reda to r s  w i l l  n o t  be 

adve r se ly   a f f ec t ed .  

There is a pauc i ty  of i n f o r m a t i o n   o n   t h e   p o t e n t i a l   c o n c e n t r a t i o n  

o f   s e l en ium  in   aqua t i c   food   cha ins .  However, s t u d i e s  by Sandholm 

. .  



’ e t  al. (1973) showed that  the  phytoplankton,  Scenedesmus  dimorphus 

ac t3ve ly   concent ra ted   rad io labe led   se lonometh ionine ,   bu t   ne i ther  

a c t i v e l y   n o r   p a s s i v e l y   c o n c e n t r a t e d   i n o r g a n i c   s e l e n i t e .  It was 

,I 

concluded  that  common water p l a n t s  do   no t   accumula te   l a rge   quant i t ies  

-of selenium  from  surrounding water. These  authors also observed   tha t  

zooplankton   (pr imar i ly   Daphnia   pu lex)   absorbed   se len ium  f rom  se len i te .  

Fish  concentrated  only a small amount o f   o r g a n i c   o r   i n o r g a n i c  se- 

lenium  direct ly   f rom water, but   d id   concent ra te  i t  from  food.  Thus, 

b iomagni f ica t ion   by   f lo ra   and   fauna  is p o s s i b l e  and should   be  con- 

s ide red   i n   de t e rmin ing   po ten t i a l   env i ronmen ta l   impac t s .  With 

reference  to   the  proposed  act ion,   however ,   the   major   concern i s  

d i r ec t ed   t owards   a s ses s ing   t he   changes   i n   b iomagn i f i ca t ion   po ten t i a l  

caused by the small increment  of  selenium  that w i l l  b e   d i s t r i b u t e d  

into  the  environment .   Provided  this   increment  i s  small   enough, 

cu r ren t ly   ope ra t ive   na tu ra l   b iomagn i f i ca t ion  schemes  would be un- 

a l t e r e d .  

3. Rate  of   input   into  the  environment .  

In order   to   determine  whether   or   not   probable   secondary  impacts  

w i l l  occur ,  i t  i s  n e c e s s a r y   t o   e s t i m a t e   t h e  rate of i npu t  of se- 

l en ium  in to  the environment.   This  estimate i s  based on an   ana lys i s  

whi.ch  assumes t h a t  a l l  of the  selenium  administe.red  to  the  animals 

w i l l  be   excreted.  It f u r t h e r  assumes t h a t   e x c r e t a  w i l l  be  disposed 

of by s o i l   a p p l i c a t i o n  a t  the  ra te  of 5 tons  of waste dry   mat te r  p e r  

acre. This  i s  t h e   h i g h e s t   p r a c t i c a l   r a t e  of app l i ca t ion .  

-HYPOTHESIS 1. None of the  selenium  leaches from t h e   s o i l .  



The h ighes t  level of supplemental  selenium permi t ted  on a 

p r a c t i c a l   b a s i s  by t h i s   p e t i t i o n  would be  0.1 ppm. If a l l  of t h i s  

w e r e . p a s s e d   i n t o   t h e  waste wi th  40 percen t  of t h e   d i e t a r y  matter 

excre ted ,   the  level of s e l e n i u m   i n   t h e  waste from 0.1 pprn added 

selenium would be  0.25 ppm selenium  on a dry   weight   bas i s .  Con- 

v e r t e d   t o  a t o n   b a s i s ,  a ton  of  dry cat t le  waste would  contain 

0.2773  grams selenium from  the  added  selenium. The a p p l i c a t i o n  

of 5 tons  of d r y   c a t t l e  waste p e r   a c r e  would  add  only 1.136 grams 

selenium  per   'acre .  

I n   t h e  normal   farming  pract ices ,   the   waste   would  be worked 

i n t o   t h e   t o p  6 '  i nches   o f   so i l .  The top 6 inches  of s o i l   p e r   a c r e  

weighs 2,000,000 pounds (M. L. Jackson,  1958)  or  909,000  kilograms. 

Therefore ,  a 1 . 1 3  grams increase   in   se len ium  per   909 ,000   k i lograms 

is  e q u i v a l e n t   t o  an inc rease   i n   s e l en ium  con ten t  of 0.0012 ppm from 

t h e  5 tons  of c a t t l e  waste. S ing le   app l i ca t ion  of 900  grams se- 

lenium  per  acre  from  sodium  selenite  have  been  added  without 

de t r imen ta l   e ' f f ec t s   t o   sheep   f ed   fo rages  grown  on t h e   t r e a t e d  

so i l   ( i n   Se l en ium  in   Nu t r i t i on ,   1971) .   Sheep  are known t o  be 

among t h e  most s ens i t i ve   an ima l s   t o   s e l en ium.   S t a t ed   ano the r  w a y ,  

the   annual   addi t ion  of 2 .27  grams se l en ium  pe r   ac re  would r e q u i r e  

396 y e a r s   t o   e q u a l   t h e  900 grams pe r  acre selenium  addi. t ion re- 

f e r r e d   t o  above,  assuming t h a t  a l l  t he   s e l en ium is  accumulated i n  

the   t op  6 inches of s o i l .  

In   genera l ,   fa rmers   apply   the  waste t o   t h e  s o i l  a t  t h e  time 

of  plowing i n   e i t h e r   s p r i n g  o r  f a l l .  As such,  as much as one y e a r ' s  

product ion of waste may be   s tored  in. p i l e s .  . I t  has  been shown 



(Wets, 1972) that up t o  10 pe rcen t  of t h e   m i n e r a l  matter i n  feed- 

l o t  waste can   be   i eached   by   ra infa l l .  As such,   each 1,000 t o n   p i l e  
\ 

of waste would l o s e  45.45 grams of selenium via t h e  water runoff .  

I f  the selenium is absorbea  by  the  surrounding one acre of soil, 
.. 

t h e n   t h e   s e l e n i u m   c o n c e n t r a t i o n   o f   t h i s   s o i l  w i l l  i n c r e a s e  by 0.05 

ppm per   yea r .   Th i s   i nc rease  i s  n e g l i g i b l e .  

I f ,  however,  the  selenium i n   t h e  1,000 t o n   p i l e   o f  waste i s  

t o t a l l y   l e a c h e d  by 2 4  i n c h e s   o f   r a i n f a l l  (2,567,051 kg . ) ,   t hen   t he  

water runoff would  have a selenium  concentrat ion  of  0.018 ppm. 

The c o n t r i b u t i o n   o f   t h i s   l e a c h e d   s e l e n i u m   t o   t h e   c o n c e n t r a t i o n  of 

s e l e n i u m   i n   t h e   s u r f a c e  and  subsurface  s t reaim is d i f f i c u l t   t o  

estimate s i n c e  i t  would  depend  upon s i ze ,   d ra inage  area and ra te  

of flow of these   s t reams.  

S i n c e   s o i l s   i n  many areas   o f   the  U. S. a r e   d e f i c i e n t :   i n  se- 

lenium, and s ince   the   was te  i s  a p p l i e d   t o   t h e   s o i l   i n   t h e   a r e a   i n  

which the  animals  are grown, the   e f fe .c t ,  i f  any,   of   the   addi t ion 

of the small amounts  of selenium would  be b e n e f i c i a l   t o   t h e   a n i -  

mal consuming the   fo rages  and g ra ins  grown on t h e s e   s o i l s .  

HYPOTHESIS 2. A l l  of   the   selenium  leaches  f rom  the  soi l  and 

f i n d s  i t s  way i n t o   t h e  waterways. 

The area of   the  U. S .  which w i l l  require  selenium  supplementa- 

t i o n  due t o   d e f i c i e n t   l e v e l s   i n   g r a i n s  and feeds tuf fs   compr ises   the  

e a s t e r n  U. S. and west coas t  area of C a l f i o r n i a ,  Oregon and Washing- 

ton   (F igure  1). The e a s t e r n  U.  S .  is defined as t h e  area east of 



.i 
t h e  western b o r d e r s   o f   t h e   f o l l o w i n g  states: Minnesota,  Iowa, 

Missouri ,   Arkansas  and  Louisiana.  Of t h e  states i n   t h e  above 

d e s c r i b e d   d e f i c i e n t  areas, C a l i f o r n i a   h a s   t h e   l o w e s t  mean annual 

r a i n f a l l   o f  24 i nches  (Miller, 1973) .   For   the   purposes   o f   th i s  

d i scuss ion ,  w e  are a l s o  assuming  the  addi t ion  of  5 tons  of   dry 

manure p e r   a c r e   c o n t r i b u t i n g   t h e  same levels of  selenium  per acre 

r e f e r r e d  t o  above ( i .e . ,  1.136  grams  from ca t t le  and  sheep  waste). 

Twenty-four inches  of r a i n f a l l  would  be  equivalent  to  2,467,051 

kilograms water p e r   a c r e .   T h e r e f o r e ,   i f   t h e  amount of selenium 

added  by 5 tons   o f   d ry   ca t t l e  waste (1.136  grams) i s  assumed t o  

be t o t a l l y   l e a c h e d   o u t  of t h e   s o i l  by t h e  24 i n c h e s   o f   r a i n f a l l  

(2 ,467,051  ki lograms)   this  would g ive  a selenium  concentrat ion 

of 0.00046 pprn i n   t h 2  water. 

There i s  an   insuf f ic ien t   quant i ty   o f   was te   p roduced  by a l l .  

c a t t l e  and s h e e p   i n   t h e   e a s t e r n  U. S. and P a c i f i c   c o a s t   a r e a s  t o  

apply 5 t o n s   t o   e a c h   a c r e  of land   in   fa rms .  The t o t a l   w a s t e  pro- 

d u c t i o n   i n   c a t t l e  and s h e e p   i n   t h e   e a s t e r n  U. S. and P a c i f i c   c o a s t  

area is  g i v e n   i n  Appendix A,  Table 1. The t o t a l  waste produced 

annual ly  would  be  82,232,000  tons f o r  b e e f   c a t t l e  and  5_5,901,000 

tons  of d a i r y  waste and  732,562  tons of sheep   was te .   I f   th i s  were 

spread a t  a r a t e  of 5 tons  per   acre ,   then  the  beef   waste  would cover 

16,446,400  acres o r  16.1  percent   of  the l a n d   i n   f a r m s   i n   t h e   e a s t e r n  

U. S. and Pac i f ic   coas t   reg ions   (509 ,815 ,551  acres )  (U. S. Census  of 

Agr icu l ture ,   1964) .  The number o f   a c r e s   t o  which d a i r y  and  sheep 

waste could  be  added a t  t h e  ra te  of 5 t o n s   p e r   a c r e  is 4,448,641 

acres   o r   11 .1   percent   o f   the   l and   - in  farms. 
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The animal p o p u l a t i o n   i n   t h e  acres i n  which selenium supple- 

mentat ion i s  r equ i r ed  is given by s p e c i e s   i n  Appendix A, Table 2 

with.the-level of selenium which  would  be consumed a t  the  proposed 

added  selenium levels of 0.1 ppm f o r   b e e f  cat t le ,  d a i r y  catt le and 

sheep. The combined to ta l   se len ium  consumpt ion   for  a l l  s p e c i e s  

grown i n   t h e   e a s t e r n  U. S. and P a c i f i c   c o a s t  areas is 16,821,563 

grams.  Assuming a l l  of t he   an ima l s   i n   t hese  areas were given 

supplementa l   se len ium,   th i s  would   be   the   to ta l   poss ib le   se len ium 

which  could b e  added  back to   t he   l and   t h rough   t he  wastes. 

I f   t h e   t o t a l  amount of   poss ib le   se len ium  present   in   the  waste 

(16,821,563  grams) is sp read   ove r   ' t he   en t i r e   l and  area in   f a rms  

(509 ,815 ,551  acres )   in   the  same a rea  of t h e  U. S . ,  t h e  amount of 

selenium  added  per   acre   per   year   should  not   exceed 0.0329 grams. 

This  would  add 0.000034 ppm se len ium  to   the   top  6 inches  of s o i l .  

The e a r t h ' s   c r u s t  is ca l cu la t ed   t o   con ta in  0.09 pprn selenium 

(Mitchell ,   1964).  .The a d d i t i o n  of  0.000034 ppm se len ium  to   the  

s o i l   t h r o u g h   t h e   w a s t e  from  the  supplementation of ruminant   ra t ions 

would amount t o   o n l y  0.0384 percent   o f   the   se len ium  present   in   the  

e a r t h ' s   c r u s t   f o r   t h a t  area. 

S o i l s   i n  areas where  selenium  def ic iency  diseases   occur   are  

r e p o r t e d   t o   c o n t a i n  0.04 ppm selenium  or  less and areas of moderate 

selenium  content   where  selenium  def ic iency  diseases  d o  not  occur 

contain  0 .5  ppm to 5.0 ppm (Allaway , 1968). The addi   t ion  of 

0.000034 ppm selenium t o  s o i l   c o n t a i n i n g  low se len ium  leve ls  

(0.04 ppm) would only  increase  the  selenium  content   0 .08  percent .  



Adding 0.000034 ppm t o  t h e   s o i l s   c o n t a i n i n g   t h e   l o w e r  limit of 

selenium for modera t e   s e l en ium  con ten t   so i l s  (0.5 ppm) would  in- 

crease the   se len ium  conten t  0.0068 pe rcen t .  .. 

The maximum e f f e c t  on t h e  water as a r e s u l t   o f   t o t a l   l e a c h i n g  

o u t  of the  selenium  from  the waste by an a n n u a l   r a i n f a l l  of 24 

inches   would   be   ins igni f icant .  We have  used 24 i n c h e s   r a i n f a l l  

b e c a u s e   t h i s  i s  the   lowes t  mean a n n u a l   r a i n f a l l  of  any s ta te  

(Figure 2 )  i n  which  supplementation i s  necessary  ( f i l l e r ,  1973). 

Other states have  higher   annual   ra infal l .   Using 2,457,051 k i lo -  

grams water p e r  acre from  the 24 i n c h e s   o f   r a i n f a l l  and  0.0329 

grams selenium  added  per  acre on fa rmland,   the   water   concent ra t ion  

of  selenium would be 0.0000132 ppm. The average  concentration  of 

s e l en ium  fo r   t he  waters of t h e   e n t i r e   a r e a  would  be  lower  than  this 

s i n c e   t h e   a v e r a g e   r a i n f a l l  is g r e a t e r   t h a n  2 4  inches  annual ly  and 

would  be fu r the r   d i lu t ed   w i th   wa te r  from  land  which i s  no t   i n   f a rms .  

The Uni ted   S ta tes   Publ ic   Heal th .Serv ice  has e s t a b l i s h e d  0.01 

'ppm  selenium as a safe   upper  limit f o r  human wa te r   supp l i e s   (Pub l i c  

Heal th   Service  Publ icat ion  956) .  The selenium  content  of seawater  

has   been   ca l cu la t ed   t o   be  0.00009 ppm b a s e d   u p o n ' a n a l y t i c a l   r e s u l t s  

f rom  the   A t l an t i c ,   Pac i f i c ,  and Antarctic  Oceans,  Long I s l and  Sound 

and  the  Carribbean  (Schutz  and  Turekian,  1965).   This  indicates 

t h a t   t h e  m a x i m u m  l e v e l  of s e l en ium  l eached   ou t   o f   t he   so i l  from 

r e t u r n i n g  waste conta in ing  added selenium  from  sodium  seleni te  o r  

sodium  selenate would be. i n s i g n i f i c a n t .  It would  be s a f e   f o r   b o t h  

humans  and a q u a t i c   l i f e   e v e n  a t  t he  maximum p o s s i b l e   l e v e l s .  



2.3 Conclusion: Compounds of selenium are, wi thou t   ques t ion ,   h igh ly  
’. -l 

, )  toxic. The amounts r e q u i r e d   t o   s a t i s f y  essential n u t r i t i o n a l  re- 

quirements are between  one-tenth  and  one-hundredth  the minimum 

t o x i c  levels f o r  animals. Their use  as feed   add i t ives   shou ld   be  

c a r e f u l l y   c o n t r o l l e d   t o   p r e v e n t  harm e i t h e r   t o   t h e  animals o r   t o  

p reven t   excess   s e l en ium  depos i t i on   i n   ed ib l e   t i s sues   des t ined   fo r  

human food. No adverse   envi ronmenta l   e f fec ts  ar2 a n t i c i p a t e d  when 

animal waste containing  selenium is a p p l i e d   t o   t h e   s o i l  a t  a r a t e  

of 5 tons   o r  less per acre. Under these   c i rcumstances ,   the  amount 

of selenium  added t o   t h e   s o i l  i s  so small t h a t  i t  is  u n l i k e l y   t h a t  

na tu ra l   b iomagn i f i ca t ion  schemes i n   t e r r e s t r i a l  and aquatic  eco- 

systems  would  be  adversely  affected.   Special   precautions  should 

be  taken  in   those  instances   where  animal   waste  is s t o r e d   i n   p i l e s  

to   ensure   tha t   se len ium  leached  by r a i n f a l l  w i l l  no t   have   d i rec t  

access  t o  the   wa te r   t ab l e  o r  o ther   aqua t ic   sources .  The proposed 

use  of   sodium  seleni te   or   sodium  selenate  would a s s u r e  t h a t  the  

nu t r i t i ona l   r equ i r emen t s  of pou l t ry  and swine are sa t i s f i ed  and 

present  no  hazard of i nc reased   s e l en ium  l eve l s   i n  hunan food  above 

t h a t  found in   t i s sues   o f   no rma l   an ima l s .  

3. Adverse  Environmental  Impact  Considerations 

Selenium i s  a n a t u r a l  component of   the   envi ronment .   In   th i s   regard ,  

any adverse  impact must  b e   a s s e s s e d   i n  terms of t h e  added  burden the  pro-  

posed  use  of  selenium will place  onto  the  ecosphere.   Sect ion I V  demon- 

strates t h a t   t h i s   b u r d e n  would b e   n e g l i g i b l e  and  could  be  handled by 

acceptable   safeguards.  



Adverse  environmental  impact in the form of increased  selenium 

levels in the  soil  and  water  supply  may  occur  if  animal  feeds  are  over- 

formulated  by'the  addition  of  excess  selenium  or  addition of selenium 

to  feeds  high in selenium.  However,  the  levels  of  selenium  in  animal 

tissues  would  most  likely be  unaffected  by  such  over-formulation  and 

\ 
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excessive  addition  with  the  exception of possible  increased  levels in 

liver  and  kidney  of  treated  animals  (see  Appendix A, Tables 3 and 4 ) .  

At any  rate,  any  such  adverse  environmental  effects  would  not  forseeably . 

compromise  human  safety.  Animal  safety  would  be  unaffected  under  controlled 

conditions  since  the  margin  of  safety  is  adequate  under  such  conditions. 

To control  these  potential  adverse  environmental  effects,  the  regu- 

lation  stipulates  that  no  more  than  one  pound  of  a  premix  containing  a 

maximum of 90.8 mg. of selenium  per  pound  may  be  added  to  a  ton  of  cattle 

or sheep  feed. At this  rate, 30 pounds  of  this  premix  would  have  to  be 

added to a  ton of feed  to  reach  a  toxic  selenium  level,  a  practice  which 

is  not  expected  to  occur. 

4 .  Alternatives  to  -the  Proposed Action 

The  alternative of not  permittingthe  use  of  selenium  would  force  live- 

stock  producers to rely on selenium  obtained  from  natural  sources.  This 

alternative was  rejected  since  natural  sources  (feedstuffs  and  drinking 

water)  often  contain  less  than  the  needed  amount  of  selenium  (Table 5). 

The  only  method  for  mitigating  a  selenium  deficiency  in  poultry  and 

livestock  requires  the  direct  administration  of  selenium  to  the  deficient 

animals.  Two  major  problems  are  particularly  pertinent in evaluating  the 

.feed  route  as a means  of  administering  physiologically  effective  quantities 



~~ 

I 

. .  

. of selenium. First, the  amounts  required are so small (less than 1 ppm 

in  the  diet dry matter) .that there is a highly  practical  problem of 

adequate  mixing  with  the  large  mass  of  feed  material.  Secondly,  it  may 

be  difficult  to  avoid  toxic  levels  of  selenium  by  the  addition  of  the 

nutrient  to  feeds  under  conditions  currently  applied  in comercial agri- 

cultural  practice,.  These  problems  should  be  considered  in  any  program 

1 .  

.- 

of direct  addition of selenium  to  animal  feed. 

There  are  several  ways in which  direct  selenium  administration  can 

be  accomplished. 

1. Soil Amendment 

Selenium  can  be  added  to  the  soil  on  which  our  basic  feedstuffs  are 

grown.  This  practice  has  been  successful  in  New  Zealand  where  farmers 

have  applied  14-28g  of  selenium  (as  sodium  selenite)  per  acre.  Since 

the  selenium-deficient  arable  area  of  the U. S.encompasses  in  excess of 

509 million  acres,  this  technique  of  selenium  treatment  would  require 

the  distribution of at  least 7 million  kilograms of selenium.  The pro- 

posed  dietary  use  of  selenium  would  involve  only  approximately 6 thousand 

kilograms,  therefore,  from an environmental  standpoint,  the  dietary  use 

is  more  desirable. In addition,  we  have  a  regulatory  concern  with  soil 

amendment via fertilization. At present  this  route  of  administration  is 

impossible  to  control. 

2 .  Interregional Feed Blending 

It  is  known  that  certain  areas of the  country  produce  basal  feed- 

stuffs  which  contain  quantities  of  selenium  at  or  abovs  the  required  levels. 

It may  be  possible  to  use  these  feedstuffs  as  selenium  sources.  We 

~. 
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d i s c o u n t e d   t h i s  alternative s i n c e  i t  is well known t h a t  'selenium from 

n a t u r a l   s o u r c e s  is n o t  .as b i o l o g i c a l l y  available as that   from  sodium 
.:) 

selenite o r  se l ena te .  In t h i s   r e g a r d ,  a f e e d s t u f f  may contain  "adequate" 
. -  

levels of selenium,  but i t  could  produce a se len ium  def ic iency .   Also ,  

t h e r e  would be insu f f i c i en t   quan t i t i e s   o f   "h igh"  selenium i n g r e d i e n t s  

t o   adequa te ly   ba l ance  "low11 selenium i n g r e d i e n t s .   I n t e r r e g i o n a l   f e e d  

b l end ing   su f f e r s  from the   fu r the r   d i sadvan tage   t ha t   t he   h igh   s e l en ium 

commodities would have to   be   s eg rega ted   i n   t he   marke tp l ace .   Th i s   p rac -  

t i ce  i s  c u r r e n t l y   n o t   f e a s i b l e .  The cos t   o f   t ranspor t ing   bu lky   feed  

i n g r e d i e n t s  would  be  expensive  and  would  offset much of   the  intended 

economic b e n e f i t .   I n   a d d i t i o n ,   t h e   t r a n s p o r t a t i o n  of g r a i n  would r e q u i r e  

a considerable  increase  in  energy  consumption. 

3. Corporea l   In j ec t ion  

This   process  would invo lve   i n j ec t ing   an ima l s   w i th   t he rapeu t i c   l eve l s  

of selenium, I ts  d isadvantages   accrue   f rom  the   fac t   tha t   each   an imal  

would  have to   be  handled at p e r i o d i c   i n t e r v a l s .  The cur ren t   h igh   dens i ty  

l i ves tock   p roduc t ion   p rac t i ces  make t h i s  a c o s t l y  and   undes i rab le   a l te r -  

n a t i v e  . 

4. Drinking  Water  Administration 

This a l t e r n a t i v e  i s  a v a r i a n t  of t he   f eed  method. E s s e n t i a l l y  similar 

q u a n t i t i e s  of  selenium would have  to  be  used. We d i s c o u n t e d   t h i s  a l te r -  

n a t i v e   s i n c e   l i v e s t o c k   p r o d u c e r s ,   i n   g e n e r a l ,   l a c k   t h e   m e t e r i n g   d e v i c e s  

necessa ry   t o   a s su re   t ha t   t he   an ima l  w i l l  consume the  required  selenium 

dosage.   Further ,   s ince  water .consumption i s  h i g h l y   v a r i a b l e  and  dependent 

on climatic cond i t ions ,  w e  doubt i f   the   se len ium  dosage   could   be   cont ro l led  

with  any  degree of assurance.  



5 .  Feed  Monitoring 

This alternative  would  provide  for  the  establishment of a program 

for  monitoring  the  levels of. selenium in the  animal's  diet  through 

extensive  and  frequent  chemical or physical  analyses.  Such a  program 

does  not  exist,  but  analytical  methods  that  would  be  required  for  it 

are  available.  There are several  acceptable  methods  published in the 

Journal of the  Association  of  Official  Analytical  Chemists (A.0.A.C). 

Several  new  methods  have  been  developed,  including  x-ray  fluorescence 

spectrometry  for  the  detection  of  potentially  toxic  levels  of  selenium 

and  procedures  for  determining  selenium in biological  materials  by 

neutron  activation  analysis. 
1 

Variations of this  program  would  require  individual  feedmil.ls  to 

analyze  either  each  ton of feed  or  each  lot  of  feed  ingredients  prj.or 

to  the  addition  of  sel.eniun.  If  each  ton of feed  were  analyzed  (analysis 

costs  $15-20 per sample), the program  would  cost  from a minimum of 70- 

100 mil-lion  dollars  (at  least 9 million  tons of feed  affected), a sum 

which  may  exceed  the  potential  benefit. 

4.1 Concl.usion: Of the  six  alternative  methods  proposed  for  satisfying 

the  selenium  requirements  of  swine  and  poultry,  three  (feed  adminis- 

tration,  corporeal  injection,  and  drinking  water  administrat.ion) 

would  involve the environmental  distribution  and use of  about  the 

same  quantity  of  selenium.  Rejection,  therefore, of two  of  these 

alternatives  (corporeal  injection  and  drinking  water  administration) 

was based on feasibility  and  cost  considerations.  An  additional 

alternative  (feed  monitoring)  which  could  potentially  limit  selenium 

distribution was rejected  for  excessive  costs.  The  alternative of 
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soil amendment was rejected  since  its  application  would  require  the 
-- . 

. ~) 
.I . use o f  at least 1400 times  more  selenium  than  that  required  by  feed 

administration. The- alternative of interregional  feed  blending was 

attractive  from an environmental  viewpoint  since no synthetic  selenium 

salts  would  have  to  be  distributed  into  the  environment. It was 

thought,  however,  that  the  energy  output  required  to  accomplish  the 

massive  movement  of  feedstuffs  coupled  with  cost  and  feasibility 

considerations  would  outweigh  the  proposed  environmental  benefits. 

5. Relationship  Between  Local  Short-Term  Uses  of )!an's Environment  and  the 

Maintenance  and  Enhancement  of  Long-Term  Productivity 

There  would  be  no  known  long-term  detrimental  effects  on  the  environ- 

ment  of  supplementing  animal  rations  with  selenium  due  to  the  very  low 

level  of  addition  to  the  soil  of  selenium  from  manure.  Assuming,  as 

discussed  in  Section IV, the  application of C.CO0034 ppm  annually,  it 

would  take: 

A .  25 years  to  change  the  selenium  content  of  the  farmland  in  the 

affected  'area  by 1% when  soil  contains 0.09 ppm  Selenium. 

B. 11 years  for  a 1% change  in  low  selenium  soils  containing 0.04 ppm. 

C. 144 years  for  a 1% change  in  soils  containing  moderate  selenium 

levels (0.5 ppm). 

The  long-term  beneficial  effects  .can  be  more  readily  postulated  since 
. .  

the  selenium  will  be  added  to  rations  in  areas  where  soils  are  deficient. 

The  addition  of  selenium  to  these  soils  would  help  to  minimize  soil  de- 

pletion  occurring  through  intensive  farming  and  natural  leaching  of  selenium 

from the  soil.  The  incidence  of  diagnoses  of  selenium  deficiency  diseases 

has progressively  increased  in  poultry arid swine. '  



, 

For t h e  short term, t h e   v a r i o u s   b e n e f i c i a l  effects would acc rue  by 

'1 r ec t i fy ing   t he   s e l en iun i   de f i c i ency .  No short-term  compromise  of  man's 

environment is foreseen .  
.- 

6. I r r e v e r s i b l e   a n d k e t r i e v a b l e  Commitments of Resources Which Would B e  

Involved in   the   Proposed   Act ion   Should  i t  be  Implemented 

Based  on  the  usage level o f   t h i s   f e e d   a d d i t i v e ,   t h e r e  would be no 

known i r r e v e r s i b l e   o r   i r r e t r i e v a b l e  commitment o f   na tu ra l   r e sources .  

Selenium i s  obtained  from mined o r e  as a by-product  of  the  copper 

smel t ing   p rocess .  The use  of  selenium salts i n   a n i m a l   f e e d s   f u r t h e r  

d i s t r ibu te s   t he   s e l en ium  and   even tua l ly   r e tu rns  i t  t o   t h e   e a r t h ' s   c r u s t ,  

as d i s c u s s e d   i n   S e c t i o n  I V .  The  amount of   se len ium  added   to   the   so i l  

(as an imal   was te )   o r   to  stream and  ground water (as   selenium is  subse- 

quen t ly   l eached   f rom  the   so i l )  would not   exceed  that  of t h e   n a t u r a l  

s e l e n i u m   p r e s e n t   i n   t h e   s o i l   o r   w a t e r  of areas i n  t h e  United States 

where  selenium i s  p r e s e n t   a t  normal   levels .  
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. .  
Selenim in  parts per millTon ' 

State . fJnT3er of 
Saxmles Law High Mezn Eiedian 

. South Dakcrta . . . . . . .  10 
. .Nebraska . . . . . . .  6 

. .  

. Kansss . . . . . . . . .  1 

0.09 0.26 0.19 0.22 

-0.11 . 2..03. . 0.40 0.24 .' : 

0.04 0.81 -0.35 , 0.28 

- -- 0.99 - .  --- --- 
. _  

tlinnesota . . . . . .  22 0.02 0.29 . 0.09 .o.  06 

Iowa . . . . . . . . . . .  25 0.02 . 0.16 0.05 0.05 

s .  r l l S S O U 2 f  . . . . . . . .  . 4  0.G2 0.09 0.05 -0.05 

0.02 0.13 0.05 0.02. 

. I l l i n o i s  . . . . . . .  31 0.02 0.15 0.05 0.04 
. .  . .  

i4ichigan . . . . . . . .  5 ._ 0.03 * 0.04 . 0.03 0 . C 3 .  

-.#. .. LnQlaz.  . . . . . . .  20 0.01 . 0.15 0. O b  0 -04 

rr ro ta1  . . . . . .  i3s 0.01 . 2.03 0.11 0.05 
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TABLE # 6 .. 

. .  

.The Geogapkk Distrbbu?ioa of Astragalus - 
A Seleniw AccumAztor 21mt . 1  

' Sgecio,s 

A. bisculatcs 

. .  

- A. racezous Pursh 

Distribction 

Colo=.aZo 

- A. beathii Portty brizoxa 

1. Rosenfeld,  I. and 0. ti. Beath. 1955. Soleniun: GeoSotany, biochenistry,  
t o x i c i t y  and nutrition. Acadezic Fzess ,  Ner.r York, pzse 62. 
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.. . 
TABLE# 7 . 

The S 2 l e n i u  Content of Plants 
Grown on Skeniferous S o i l l  

Plznt 

Grasses 

Selenim Concentrztton (Dp;.) 

5,530 

1,190 

300 

23 
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FIGURE I . 

AREA  PATTERNS IN THE SELENIUM  COXTENT OF PLAKTS IS THE 
UNITED  STATES 

Figure G shows the  concentrztions of selenium in crops in different 
areas of the  United States. A unique feature of the.distribction of 
selenium in plants in the United States is the occurrence of szveral 
broad areas where almost all the plants  sampled contained low lzvels 

ALASKA 
HAVJAI I 

F E E D  GRAIN] 262 

FIGURE 6 Rclative concentrations of selenium  in crops from diffelcnt areas 
of the United Statcs. Data for wlleat and  feed grain are from LJS. Dzpsrtrnent 
of Agriculture  Technical  Bulletin 7% (1941). From Kubota rf a!. (1967). 
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Appendix C 

~, ECONOMIC IMPACT 

A g r i c u l t u r a l   S t a t i s t i c s  (USDA, 1975) showed tha t   approximate ly  51% of 
I. 

beef  cattle, 68.8% of d a i r y  cattle,' and 31% of the   sheep   p roduced   i n   t he  

Un i t ed   S t a t e s  are produced i n  "se len ium  def ic ien t"  states (Table 8). These 

percentages  have  been  used i n   s u b s e q u e n t   c a l c u l a t i o n s   t o  estimate the  number 

of  ruminant  animals  affected by se len ium-def ic ien t   d ie t s .  

Selenium  def ic iency  has   been  diagnosed  for   the  increasing  f requency  in  

ruminan t   l i ves tock   ove r   t he   pas t   f i ve   yea r s .  No na tu ra l   f eed   i ng red ien t s  

have  been  found to   con t r ibu te   adequa te   l eve l s  of se len ium  to   p rovide   an  

economica l   so lu t ion   t o   t h i s   nu t r i en t   de f i c i ency   wh ich  now has  widespread 

. geographical   occurrence.  It is  be l ieved   tha t   marg ina l   l eve ls   o f   se len ium 

in   feeds   cause   impai red   per formance   in  many h e r d s   i n  which  no v i s i b l e  symp- 

toms are   observed.  

Economic l o s s e s  t o  l i v e s t o c k   p r o d u c e r s   a t t r i b u t e d   t o   l a c k  of approval 

f o r   t h e   a d d i t i o n  of inorganic   se len ium t o  feeds  may o r i g i n a t e  from: 1. 

Reduced calf   crop,  reduced  weight  gains,   impaired  feed  conversion,  in- 

creased inc idence  of r ep roduc t ive   d i seases ,  and o t h e r   l o s s e s  which a f f e c t  

t h e  well being  of  the  animal.  2.  Higher   feed   ingredien t ' cos t   to   in -  

c r eased   na tu ra l   s e l en ium  l eve l s .  

The fo1.lowing  assumptions  and  estimates of economic losses represent  

zn a p p r a i s a l  of t h e  economic  impact of s e l en ium  de f i c i ency   i n   bee f ,   da i ry ,  

and sheep   i ndus t r i e s  of the   Uni ted   S ta tes .  

, 



Beef Cattle 

.;) Assumptions : The f o l l o w i n g   c a l c u l a t i o n s  are based  on  46.5  mill ion  beef 

catt le be ing   produced   in   1975 i n  se len iu in   def ic ien t  areas: 

- 25% of  beef cow replacements are a f f e c t e d   t o   t h e   e x t e n t  
of h a v i n g   t h e   p o t e n t i a l  for producing  10%  fewer calves. 

- 25% of beef cows are a f f e c t e d   t o   t h e   e x t e n t  of producing 
10% fewer ca lves .  

- 30% of steers show impaired  growth  and  feed  conversion 
. (5% on growth  and 5 %  on  feed  conversion) .  

- Above l o s s e s   i n   a d d i t i o n  t o  i n c r e a s e d   i n g r e d i e n t   c o s t s  of 
$0 .50/ ton   in   an  attempt t o   a l l e v i a t e   d e f i c i e n c i e s .  

Economic Losses 

Reduced Number 
of Calves : Beef Cow Replacement 

0.25 x 4,666,000 x 0.80 x 0.10 (av. 
ca lv ing  X) @ $7.5/calf = 

Beef Cows 
0.25 x 22,009,000 x 0.80 x .10 (av. 
-- 
ca lv ing  2)  @ $75/calf= 

$ 6,999,000 

33,013,500 

Sub To ta l  $ 40,012,500 

Reduced  Growth 6 -. - Feed Conversion: Reduced  Growth 
0.30 x 8,414,000 x 750 (av.  wt.) = 
1,893,150,000 lbs. beef  produced  5% 
l o s s  of weight = .OS x 1,893,150,000 
= 94,657,500 @ $.30/lb.  = $ 28,397,250 

Reduced  Feed  Conversion 
5% l o s s   i n   f eed   conve r s ion  - .05 x 
1,893,150,000 x 6.50  (av.  feed  conv.) 
= 615,273,750  lbs ,   feed @ $.05/ lb .  = 30,763,687 

Sub T o t a l  $ 59,160,937 

Added Feed  Cost : 46,500,000  beef c a t t l e  consumed 
119,426,000  tons  of  feed @ $.50/ton = $ 59,713,000 

To ta l  Annual Loss t o  Beef Cattle Producers  $158,886,400 

I 



Dairy Cattle 

1 
1’ Assumptions: The following  calculations  are  based  on  23.0  million  dairy 

cattle  being  milked  and  produced  in  selenium  deficient  areas: 

- 25% of dairy  cow  replacements  and  dairy  cows  are  affected 
to  the  extent  of  having  the  potential  for  producing 10% 
fewer  calves. 

.. 

- 25% of  dairy  cows show impaired  milk  production  and  feed 
conversion  (10%  on  milk  production  and3% on feed  conversion). 

- Above  losses  in  addition  to  increased  ingredient  costs  of 
0.50/ton  in  an  attempt  to  alleviate  deficiencies. 

Economic  Losses 

Reduced  Number 
of  Calves : 0.25 x 13,245,000 x 0.80 (av. 

calving X) x 0,10 @ $70/calf = 
1 

$ 20,397,300 

Reduced  Milk 
Production & 
Feed  Conversion:  0.25 x 9,690,000 x 10,600  (av. 

production) x 0.10 = 2,567,850,000 
lbs.  milk  lost @ $8.60/100# = $220,835,100 

3% loss  in  feed  conversion - 0.03 x 
0.8150  (lbs.  feed/lb.  milk) x 
25,678,500,000 lbs. milk = 
627,840,540  lbs. feed lost @ $.04/lb. = 25,113,621 

Sub  Total  $245,948,721 

Added  Feed  Cost : 23,000,000  dairy  cattle  consumed 
224,882,300  tons of feed @ $.50/ton = $112,441,152 

Total  Annual Loss to  Dairy  Cattle  Producers  $378,787,171 



Sheep 

Assumptions : 

. .  

The  following  calculations  are  based on 3.9 million  sheep 

being  produced in 1975 in selenium  deficient  areas: 

- 25% of stock  sheep  are  affected  to  the  extent  of  producing 
10%  fewer  lambs. 

- 30% of  lambs  show  impaired  growth  and  feed  conversion 
(5% on  growth  and 5% on  feed  conversion). 

- Above  losses  in  addition to increased  ingredient  costs 
.of $.50/ton in an  attempt  to  alleviate  deficiencies. 

Economic  Losses 

Reduced  Number 
of Lambs : 0.25 x 3,308,000 x .85  (av.  lambing X) 

x 0.10 @ $25 = 

Reduced  Growth & 
Feed  Conversion:  Reduced  Growth 

0.30 x 3,308,000 x 100 (av. w t . )  = 
99,240,000 lbs. lamb  produced 57: 'loss 
of weight = 0.05 x 99,240,000 = 
4,962,000 @ $.40!lb. = 

Reduced  Feed  Conversion 
5% l o s s  in feed conversion - 0.05 x 
3,308,000 x -3.50 (av. feed conv.) = 
17,367,000 lbs. feed @ $.05/lb. = 

-. 
-Added Feed  Cost : 3,900,000 sheep  consumed 9,375,600,000 

lbs. of feed @ $.50/ton = 

Total  Annual  Loss  to  Sheep  Producers 

$1,757,375 

1,984,800 

868,350 

2,343,900 

$6,954,425 
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